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1.0 INTRODUCTION

The objective of this contract was to design a balloonborne lioar

experiment capable of performing nighttime atmospheric density measurements in

the 10 km to 40 km altitude domain with Q resolution of IOU meters.

From the balloonborne lidar system, density measurements would be made

by measuring the backscattered 353 nm radiation from a frequency-tripled IC64

nm Nd:YAG laser. Aerosol corrections would be obtained by measurement of the

1064 nm backscattering.

The experiment payloaa will consist of the following:

1. A frequency-tripled Nd:YAG laser.

2. A telescoped receiver with 353 nra and IUb4 nm detectors.

3. A conmand-controlled optical pointing system.

4. A payload thermal control system.

5. Telemetry, command, and power systems to support the
experiment.

6. A payload structure.

The experiment plan provides for the balloonborne payload to be launch-

ed during early evening from a site west of White Sands Missile Range (WSMR).

As the balloon drifts toward the range, upward looking data will be acquired

above 15 km and horizontal look data acquired above 20 kni. When the balloon

is over the range and above 30 ki, downward looking data will be acquired.

When the balloon drifts out of the eastern border of the range, horizontal or

upward viewing will be resumed.

The experiment design presented is complete in that all systems and

their operations are fully specified. This design consists of:

I. [he development of a balloon launch and experiment operation
plan.

. Lstimates of signal and background count rates using computer
simulation.

3. The establishment of environmental specifications pertain1ng
to the experiment hardware.

4. The definition of eye safety criteria with respect to in-
Iliqht use.

.



b. The experiment configurdtions arid payload structural layout.

6. The specification ot a No:YAG laser and the design of the
required housings and support electronics.

7. The specification of the receiver detectors and the associat-
ed cryogenic system, the design of a telescope and optics,
and the design of a PM data system.

6. Design of a grouno controllec pointing mirror.

9. Specification of a cloud monitor.

1U. The design of an active thermal control system.

ii. The design of the payload electronics.

12. The listing of required ground support equipment.

i3. The development of system test procedures.

items that require additional engineering are the following:

1. The payload structure has been designed consistent with lidar
system configuration and balloon environmental specifica-
tions. before fabrication of the payload structure is ini-
tializeu, it is reconimendea that a detailed stress analysis
be performed. In addition, a thermal analysis of the struc-
ture is required to quantify optical alignment tolerances.

The assemoly of a 1/4 scale mooel of the payload would pro-
vide an excellent look at the structured design.

. Iounting brackets and clamps for the various system compo-
nents have not been detailed.

3. The electronic designs, thermal control system design, ano
receiver optics design are presented in the form of specifi-
cations. Ldckaging for these systems rimains to be designed.

4. Ihe payload cabling has been considered but wire run lists
anu connector specitications will be required prior to
fdbritdtion.

b. i n rering change orders may be required for the above if
there are interface revisions with respect to procured

lpune nt %.

1o



2.0 EXPERIMENT SLENARIO

The requirement for low background levels in the two spectral bands ot

interest dictates that the data flights be night flights. Thus the balloon

launch (Figure 2.1) would be scheduled for around sunset. The selection ot a

launch time will depend upon both the low level ground wind conditions, wino

shear, and high altitude winds. It is desirable to keep the payloao flight

path over the controlled airspace of WSMR for as much of the flight as possi-

ble. ihus, low velocity winds will be a launch criterion. As long dS the

payload is over the controlled airspace, the lidar can be directed downward.

This will provide the most complete density distribution data (Ref. Section

.U).

Launching the payload from Holloman AFb and having the lidar system

over the restricted area of WSMR when float. altitude is reached is highly im-

probable. This is due to the time it takes to reach float altitude and wino

effects on the balloon during ascent. Also, the predictability of the wind

velocity at 100,000 feet during the "turnaround" period (winds light and vari-

able, U-b knots), is only ±10 knots. In other words, although the wind at

100,00 feet might be predicted to be from the west at 5 knots, when the pay-

load reached float altitude, the wind might be from the east at b knots.

For the above reasons, it is suggested that the lidar payload be

launched using a five million cubic feet balloon system fromi a launch area

near Iruth or Lonsequences, New Mexico. Because the lidar will operate at

nighttime, the launch will occur near sundown. Fall is the optimum time of

year for low surface winds in the evening. The payload system will collect

and transmit data during the nighttime hours. At sunrise payload recovery

operations will begin.

Truth or Consequences is about twenty miles to the west of the western

edge of WSMR. The reason for launching from this site is to enable the pay-

load to reach operational altitude while still over the restricted area of

WSR as shown in Figure 2.2.

Launch should take place when the winds at 100,000 to 140,000 feet are

predicted to be from the west at 15-20 knots. Upper atmospheric winos of at

least this speed are quite steddy ano predictable.

1he balloon will be launched with the lidar in standby mode. When an

altitude of ib km has been attained, the baroswitch will be opened permitting

the laser to be arneo, in preparation for firing, by an uplinked command.

.... ...... ....... -., , - ,; 11.
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Fro Ib km to b km laser firing will be limited to upwards only (3u' from

zenith). From O km to 30 kni, horizontal (9UO) and upwards laser pointing
angles can be utilized. Only when the payload is above 3u km and over control-

leo ground space kWSMR) will the lidar be operated pointing downward. bata
acquisition will continue until it appears that the payload is drifting out of

the controlied airspace. At that time, the laser will be turned off ano the
pointing mirror rotated so triat the laser beam will be aligned with the local

horizontal. bata acquisition will then resume with the laser being tired

continuously.

After, a mission operating time of approximately 6 hours, the lioar

system will be turned oft ano the pointing mirror system slewed into a stow
configuration. Flight termination will require daylight conditions. The bal-

loon will be vaiveo cown to lower altitudes (-bU,0UU ft) and the balloon
ruptured on command. lhe payload parachute will open ano the payloac will

orift oown and impact on the ground. An on-board beacon transmitter will

guide a search helicopter to the downed payload ana experiment project person-

nel will land and inspect tne payload to determine that it is in a non-hazaro-
ous condition. ]he payload will then be airlifted by helicopter back to the

payloau builu-up area.

buring the time of flight, other experiment personnel will be in the

balloon mission control center evaluating data quality ano instrument perfor-
marce from the real time read-out of the raw telemetry data. In addition the

liciar experiment data will be aisplayeo in real time to provide experiment
personnel with sufficient data to permit a preliminary evaluation of the mis-

sion's scientific success.

2.1 kaIgning and Naviydtion

lhe pdyloaU is maintained under constant observation by the rang-

iny system. This system determines slant range from the payload to the ground

control station, and elevation ano azimuth angles. These data are inputted to
d computer on the yrouno where range, elevation, and azimuth are transformed
into map coordinates on a plotting table. Fiyure 2.3 indicates a typical rang-

ing system.

From a series of plotting table coordinates, the payload velocity ano

direction of drift may be calculated. lhese tunctions can also be made avail-

able directly from the ranging system.

14
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2.2 Launch/kecovery Operations

Z.2.1 Launch - balloon payloaa launch techniques vary with geo-

graphical and meterological conditions, but all represent attempts to minimize

the effect of winds and dynamic loading on the balloon during inflation and

launching.

When there is no surface wino, iaeal conditions prevail, and a
"zero-wind" ground launch method may be employed. The balloon is inflated

while vertically Geployed arid there is no chance of developing "sail effects".

in reality, however, wind is usually present, so the dynamic

grouno launch technique is used in wind speeds to 1b knots. Its principal aim

is to expose to the wind as little of the balloon as possible by running its

top part under a restraining roller arm which can be installeo on a variet\ of

vehicles. Intlation of the balloon is an extrerely important step ano must be

carriec out precisely according to plan, or failure vill occur. The balloon

inust be hanoleo very carefully while it is being laid out and inflated to pre-

vent abrasions or stresses to the material.

To inftlate the balloon, helium is run through the supply hose to

a diffuser where its pressure is reouceo, then through an inflation tube

attached to the upper section of the balloon. Only that part of the balloon

that has gone under the roller arm is inflated. The remainder of the balloon

is still laid out on the ground on a protective cloth. The amount of heliumii

iust be sufficient to create a litting force equal to the system weight plus

free lift. It the amount of free lift is too small, the system coulo tail

either to rise or reach its ceiling altitude. It too much free lift is pro-

vioed, the ascent velocity may increase to the point of causing the balloon to

burst.

As the helium bubble expands, the payloau carrying vehicle moves

tor ,ard, causing more of the balloon to rise above the roller arm. The bal-

loon rises quickly and is pushed forward by the existing winds. The payloao

is still attached to the launch vehicle. As the balloon swings into its over-

heao arc, the launch vehicle moves along with the system to the point where

the bdlloon is stretchco to its maximui length ano is aligned vertically over

the pdyloa. lhe final launch release is then made ano the payload is lifted

froi its cradle with just enough vertical acceleration to ensure its safety

frollh obstdcles as it moves oownwirio.

16



2.2.L Float - When the pdylood ruewch~s or, dltltuUe Of dhOUt

1U,UUU feet, it is considered to be at tloat dlt.ILud ., lhe dourt of time

spent at float altitude will depend ldrgely on the uirectori and speec of the

wind at lb,0O feet ano the weather conditions dt the planned recovery area.

The time at float altitude may be extended or shorter,_-(, ouepenuiny or, these

conditions. Table 2-i gives the maximum disturbances at tloat altituue to the

payload based on statistical data from many flights.

2.2.3 Recovery - The point where recovery is initiated is oeter-

mined by a computer-calculated trajectory from Ibu,boo feet to ground level.

The calculations take into account the wind velocities at the various alti-

tudes. Recovery is initiated by releasing helium trom the balloon such that

the payload altitude is reouceo to about 80,UU feet. At this altitude, the

balloon is released ano the payloao descends on the parachute. When the bal-

loon release actuates, panels are torn from the balloon, destroying it so that

it will not be a hazard to aviation. On lancing, impact switches are trigger-

ea releasing the parachute so that the ground winds will not drag the payloao.

17
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TABLE 2-1

MAXIMUM DISTURBANCES AT FLOAT ALTITUDE

CONDITION MOTION ACCELERATION VELOCITY

1) Payload Spin Rate 3600 in 4 minutes----

2) Wind Turbulence From 30-35 mph Horizonta Horizontal
in a few minutes +.06'/sec ~ (Average)
(Assume 2 min.) (+.002 g) LVW 7.33'/sec

3) Vertical Movement- 200-300 feet Vertical Vertical
over minutes +1/100 g +7.851/sec

4)Pendular Movement Apitde1 Horizontal Hrzna

for 300' Cable or +.25 feet 8.4x10- g +.087'/sec

18



3.0 SIGNAL AND BACKGROUND MEASUREMENTS

The basic scattering geometry of the Balloonborne Lidar Experiment

System for measurements of atmospheric density is shown in Figure 3.1. The

balloon floats at an altitude ho as laser pulses are fired into the atmosphere

at a zenith angle e. The laser pulse propagates through the atmosphere and in

each volume element, 6V = QL 2 6), a small fraction of the photons are Rayleigh

scattered by air molecules or suffer other scatterings and absorptions due to

aerosols and other constituents. For each laser pulse, the number of photons

from 6V that are Rayleigh backscattered into the collecting mirror on the bal-

loon package is given by:

N - f on(z) 6D A T
hu 47D 2  x

where c is the energy in the laser pulse at wavelength ., hu is the photon

energy, f is the fraction of the atmospheric element 6V visible to the detec-

tion system, a is the Rayleigh scattering cross section at 180', n(z) is the

atmospheric molecular number density vs. altitude, A is the area of the col-

lecting mirror, and TX is the atmospheric transmission for a photon traversing

a path length of 2D at the specified altitude and zenith angle.

A model exponential atmosphere was adopted to simplify the computa-

tions of expected count rate vs. time delay. With a scale height of 7 ki, the

atmospheric density between 0 and 80 kin, which ranges over 5 orde-s of nagni-

tude, is reproduced to an rms accuracy of -20%. The scale height was chosen

to yield the correct density at an altitude of 40 km.

Table 3-1 lists the various illustrative instrument parameters that

were adopted for the calculation of the expected count rate vs. time delay.

It should be noted that the listed instrument parameters may differ slightly

from the actual design specification because of engineering changes incorpo-

rated into the final system design. Laser pulse energies of 30 and 380 milli-

joules at 353 and 1064 nm respectively, were chosen to represent the output of

the Neodymium:YAG laser and frequency tripler described in Section 7.1. The

optical system consists of a 50 cm diameter collecting mirror with a dichroic

beam splitter and photomultiplier detectors (see Section 8.2). Specified

values of the quantum efficiencies of the photomultipliers were used, as well

as transmission and reflection efficiencies of the optics. The field of view

19
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TABLE 3-1

LIDAR CODE INPUTS

Mirror Radius RM 25.4 cm

Laser Wavelengths WAVE (1) 10640 A

WAVE (2) 3530 A

Separation of Mirror and Laser S 100 ci

Atmospheric Interval DELD 104 cm

Atmospheric Scale Height ZO 7 x 10 cm

Laser Energy
10640 A El .380 Joules
3530 E2 .030 Joules

Receiver Field of View THM .004/2 Radian

Laser Field of View THL .004/2 Radian

Atmospheric Transmission
10640 TI 85 Percent
3530 T2 42 Percent

Rayleigh Cross-Section10640 1-7c2
35340 [9.6 x 1o 27 x 1.5(4580/X) 4 14n cm
3530 .

Detector Efficiencies
10640 EFFD (1) 2 Percent
3530 EFFD (2) 10 Percent

Optical Transmission
10640 TRAN (1) 30 Percent
3530 TRAN (2) 30 Percent

Balloon Altitude HO cm

Sea Level Density DENO 2.67 x 1019 cm-3

Receiver Spectral Bandwidth
10640 10
3530 30

21



ot the uetection system was cnosen to matcri trie angular civergerce of tLe

laser beam although, in the actual lioar, the detector tielo of view is

slightly larger.

Calculations of the return signal trom the laser pulse at two wave-

lengths were carrieo out for balloon float altituoes of 4b kn ano Zb km for

various zenith angies. ine experimental acquisitior plan is summarizec In

lable "-?. ihe results of Lhe calculations are shown in Figures 3.Z through

3.b. In edch caSe, the nuibher of counts that are recoroeo for photons Scat-

tereu in an dtmospheric interval ot length lbb meters as a function of slant

range troU the paylo-ad dr'e plotted. In al cases, the count rate rises to a

RhaXiIliU within d traction Of d kilometer; this results from the fact that the

I mneter separation between the axes of the laser beam ana detection sysLeli, Is

rapioly overcoie by the Glvergence of the beanis. this overlap function is

plottec in ligure :.u. lhi rapid aecline in the count rate curves for cis-

tances between i and ib ki, results froi, the b-L tall oft in the return signal

with increasing oistance. For larger distances k>Ib kin) the curves, represen-

Ling ortterenI, zernit angles, are qualitatively very different. Here the

change in atmospheric oensity with slant range from the payload is the ooni-

nant effect in determining the amplitude of the return signal. For e = 360

lnLdrly vertically up), the oeclIne in atmospheric density with altitude

causes the return signal to orop sharply with altitude. by contrast, for 6 =

icb kviewing oirectly uown), the return signal remains nearly constant with

ui stance.

An inspection of the absolute numbers of counts expecteo from the scat-

tered laser pulse allows one to separate the density measurements into two

regimes. For those distances (corresponding to specific altituaes) where the

return signal yields counts in excess of -1 per 10b In atmospheric bin, oen-

sity fmeosurements may be obtained from a single laser pulse. These measure-

erents are, ot course, limiteu in accuracy by the i/ n counting statistics, the

uackground tiux, and the mooeling of aerosol contributions to the scattering.

When only o saIll number ot photons kor traction of a photon) are expected

trOih a single laser pulse at d given altituoe, the density measurements will

be obtainable only after the integration of many pulses. Figure a./ is a plot

ot the eStlimdLl,( Statistical error as d function of shots ano slant range.

1he nadir pointed 1 idar experiment will see backgrounos as shown in Figure

a.b. LIJ lhe receiver count rates from various backgrounds are tabulated in

ldble -J. 2?
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TABLE 3-2

DATA ACQUISITION PLAN

OVER UNCONTROLLED LAND SPACE

20 km and ABOVE SIDE LOOKING

15 km and ABOVE UPWARD LOOKING

OVER CONTROLLED LAND SPACE (WSMR)

15 km and ABOVE UPWARD LOOKING
20 km and ABOVE SIDE LOOKING

30 km and ABOVE DOWNWARD LOOKING
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Horizontal Earth's Surface
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4.U LNV~kbNMLNIAL SPLLIFICAI1UNS

lhe environmental speciticdtions, with respect to pressure, tempera-

ture, dfO iechanicai shock, in which the Lidar Experiment ano support systems

must operate are listed in Tables 4-1, 4-2, ana 4-. These specifications

torn the basis for the design specifications outlineo in this report.
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!.D SAfLTY CONSiELRATioNS

5.1 iritroauction
Two principal types ot hazards are associated with laser opera-

tion: the laser radiation itself and the high voltages present in the laser

puwer supply. Few serious eye injuries uue to lasers have been reported since

cne introduction of commercial WoUels. lhe accident rate has been low because"

the possibility of exposure of tie eye to a collimatec beap. is extrerEiy rE-

note it a few rudimentary precautions are tailowed. i.r, the other hanc, elc- ..

crical hazaros have proved to be far more serious ando a numcer of guicCIer,(s

shoulo be tollowec to prevent electric shock.

Applicable parts of the following aocuments, or their most recent

revisions, shall torm a part of the safety considerations:
1. Brehm, W.L., ano J.L. buckley "Design Study of a Laser

Radar System for Spaceflight Applications," Final Report,
Contract F19b2L-7O-C-C204, General Electric Space Livi-
sion, AFGL-IR-79-0 b4, (December 1979).

2. "American National Standard for the Safe Use of Lasers,"
ANSI Z136.1-19/6, American National Standards Institute,
Inc., New York, NY 10018 (i9/6j.

3. "Laser Safety Evaulation and Approval," STEWS-NR-P SOP,
No. 40-A, Range Programs Division, National Range
Operations birectorate, WSMR, NM (November 197b).

4. "Safety Stanoing Operating Procedures," WSNR Regulation
No. 3b-ib, Department of the Army, RSMR, NM (April 1972).

b. "Control of Potential Hazards to health from Nonionizing
Radiation," WSMR Regulation No. 40-9, Department of the
Army, WSMk, NM (January 19/b).

. Radiation hazards

The laser proposed for this experiment emits electromagnetic ra-

(:iation at two wioely spreao wavelengths: 35J ano 1064 rim. in addition, it

wili radiate in the visible to some exteut at 5 2 niu,. The radiation at 353

n iv, if incloent on the unprotecteo human eye will be absorbea in the lens and
nay (ontribute to somi( forms of cataract. At high irraliances, it can also

p)rocuce "sunburn" or (rythena of the skin. Radiation at 53k and 1064 nn wooulu
oc transmittk(i t#trujj the ocular media of the eye wi thi little loss ano is
usually focused ofn the rctina where it can daniage a spot size area. A sini lar
hazdr(, is couscd by viewing a specular, or mirror-like, reflection, and to a
lesser qegree the reflection from a diffuse surface at close proximity.
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The problem of protective eyeware is compounded by the three rd-

diation wavelengths of the neodymmium:YAG laser at 1U4, 53k, and 353 nm.

However, it can be readily solved by combining two filters, such as Schott

Color Filter Glass KG3 and American Cyanamid Argon filter plastic, or by using

a broad spectrum filter designeo for a neodymium double frequency lasers arid

available from Glendale Uptical Co. lhe luminous transmittance of these coi.-

binations is 45%, which is more than adequate for laboratory work.

The Bureau of Radiological Health (BRH) has classifiec- lasers

according to their potential hazards. The proposea laser system would be in

Class l1Ib, which consists of lasers which can produce accidental injury to

the eye if viewea either directly or from specular reflections. Accordingly,

a warning label must be affixed to the laser identifying it as a Class IV

laser product and carry the legend "banger: Laser Radiation - Avoid Eye or

Skin Exposure to Direct or Scattered Radiation". The label will also list the

radiating wavelengths and their respective output energies. The Occupational

Health and Safety Administration (OHSA) has proposed standards for laser safe-

ty, and these must be adhered to.

5.3 Electrical Hazards

As previously noted, in the past history of laser operations, the

frequency of accidents due to electrical hazards has been far greater than

those due to radiation hazards. The following is a list of guidelines to pre-

vent electrical shockL 2J "

1. General precautions.

a. Avoid wearing rings, metallic watchbands, and other metallic
objects.

b. When possible, use only one hand in working on a circuit or

control device.

c. Never handle electrical equipment when hands, feet, or body
are wet or perspiring or when standing on a wet floor.

d. With high voltages, regard all floors as conductive and
grounded unless covered with well-niaintained ory rubber
matting of a type suitable for electrical work.

e. Learn rescue proceoures for, helping victims of apparent
electrocution: Kill the circuit; remove the victim with a
non-conductor it he is still in contact with the energized
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circuit; initidte Jiouth-t o-moutr resusctation inpeuiateI

and continue until relieved by a physician; have someone cali
tor emergency aid.

2. Precautions with high-power lasers

6. Provice fault-current-limiting devices, such as fuses or

resistors, capable of cleariny or Oissipating total energy,
ano emergency shutott switches.

b. Provide protection against pro3ctiles that may De procucec
ouring faults by the use of suitable enclosures arid barriers.

c. Provide enclosures designed to prevent accidental contact

with terminals, cables, or exposed electrical contacts.

Provide a grounded metal enclosure that is locked and/or

interlocked.

d. Prevent or contain fires by keeping combustible material away

from capacitors.

e. Autolatically dump, or crowbar, capacitors before opening any

access door.

f. Where feasible, wait 24 ours before working on circuits

involving high-energy capacitors.

g. Provioe a sufficiently short cischarge tine constant in the

groun(ing system.

h. Lheck that each capacitor is discharged, shorteo, ana grour-

eo before allowing access to capacitor areas.

i. Provide reliabl( grounding, shorting, ano interlocking.

j. Install crowbars, grounding switches, cables, -u other
safety devices to withstand the mechanical forces that could

exist when faults occur, or crowbar currents flow.

k. Provide suitable warning (evices, su(h as signs and lights.

p. Place shorting straps at each capacitor during maintenance
n while capdcitors are in storage.

Ii. Pruvid(e fManual grounding equipment that has the connecting
cable visible tor its entire length.

r. Supply such safety devices as safety glasses, rubber gloves,
and insulating mats.

o. Proviue meter-ing, control, ano auxiiiary circuits that art
protecteu from possible high potentials even during fault
(:ond it ions.

p. Inspect routi TieIy f or (,cf ornme( or leaky capacitor containers.
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q. Provide a grounding stick that has a oischarge resistor at
its contact point, an insulatec ground cable (transparent
insulation preferred), arc a grounding cdbIe perialeritly
attached to ground. Such a grounioing stick should not Le
used to ground an entire large bank of capacitors. Large-
capacity shorting bars, with resistors, should be port of the
stationary equipment. Final assurance of discharge shoulo be
accomp] ishec with a solid-conducting grounding ro.

b.4 Range Safety Requirements

5.4.1 Introauction - Operation of the laser in the field prior

to launch or after payloaG recovery woulo require guidelines as given above

tor use in the laboratory. However, once the payload is aloft, the possibil-

ity arises that the laser radiation may be viewed by someone not using proteL-
tive eyewear. The standards for the use of lasers, such as those set by the

American National Standard Institute (ANSI), and which are usually adopted or

modified by bkH ano OSHA, define the permissible exposure limits.

The laser firing after launch will be controlled by three se'p-

arate and independent methods, as follows:

1. The laser firing will be enabled only wher an uplink Laser
Fire comand is being receiveo.

L. A barometric pressure switch will disable the laser firing
below a preset altitude.

3. A clock tinier will automatically disable the laser firing
after a preset time from launch has elapsed.

In addition to the above, the pointing mirror, in the stow posi-

tion, will cover the laser beani aperture.

5.4.2 Calculation of Maximum Permissible Exposure - Criteria for

the Maximum Permissible Exposure (MPL) values for laser, spectral wavelengths

are set forth in the document "American National Standard for the Safe Use of

Lase s". It also includes the step by step procedures and examples of MPL
aetermination and laser classification. MPL is given in terms of the irraoi-

ance, H, in joules/cm

Maximum permissible exposure (MPL) values are below known hazard-

ous levels, but still may be uncomfortable to view. lhus, it is good practice

to maintain exposure levels as far below the MPE values as is practicable.

When a laser emits radiation at several widely different wavelengths, computa-

tior of the MPL is con plea. Lxposure from several wavelengths In hR sc)(111
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twe aonain are additive on a propcrtional basis of spectrai effectiveness

with oue allowance for all correction factors. An appropriate aperture is

usec for measurements ana calculations with all MPL values. This is the lim-

iting aperture and is the maximuni circular area over which irradiance ano raoi-

ant exposure can be averaged. lo deteriine the MPE applicable for an exposure

to a repetitively pulseo laser such as proposed for this experiment, one must

know the wavelength, pulse repetition frequency (prt), ouration of a single

pulse, and duration of a complete exposure. in every instance this process

requires two analyses,or approaches, ano a conclusion, Steps I ano L and Step

3, respectively, as follows:

Step 1. Inoivioual Pulse Limitation. This requires the calcu-

lation of the MPE based upon the limnitation that a

single-pulse exposurc shall not exceed the single-pulse

MPL for pulses greater than i0 second and may not

exceed this single pulse MPE multiplieo by an appropri-

ate correction factor for pulses less than or equal to

10- 5 secono.

Step Z. Average Irraoiance or Average Radiant Exposure Limita-

tion. The average-power limitation requires the calcu-

lation of the average irradiance or total radiant

exposure for the entire pulse train for comparison with

the MPL applicable for the duration of the entire

exposure.

Step 3. Conclusion. Compare the results of Step I and Step 2;

the limitation which provides the lowest total exposure

is applied.

We hove rigorously followed these steps for each of the three

laser rdoiations ano have useo the appropriate Figures and Tables of "American

Ndtiundl Standro tor the Sate Use of Lasers". Our results ano conclusions

are given below.
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1064 nm Radiation

Step 1. Individual Pulse Limitation for 1064 nm

MPE/Pulse: H < (fig. 12 Correction)(Figure 6 correction

for 10t4 rim)(Tabulated Value)

labulated Value: 5 x I0-6 Jlcnl

Figure 8 Correction: b

Figure it Correction: .32

Then MPE/Pulse:

H < (5 x 10-6 )(5)(.32) = 8.0 x 10-6 U/cm?

And MPE for a 1000 secona pulse train would be

H < (8.0 x 10-6)(1 x 103 sec)(10 Hz)

8 8.0 x 10-2 J/cn

Step 2. Average Power Limitation

MPE (avg.) (from Figure 10):

- 3 2
h < 1.5 x 10 W/cnm

or

H < (1.5 x lo-3)(lOOU sec)

H < 1.5 U/cm2

Step 3. Conclusion

Clearly, the limitation in Step I determines the MPE.

lhus the MPE per pulse is 8.U x 10-6 /cm 2 .
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nr Rauiation

For this calculation, we have assumed no natural aversion response.

Step i. Indivioual Pulse Limitation

MPE/Pulse: i < \Fiyure 12 CurrectionjTabulatea Value

in Table b)

labulatea Value: b x iu - 7 J/coi2

Fiyure 12 Correction: .32

llien MPE/Pulse:

H < (5 x U-7 )(.32) = 1.6 x ib - 7 J/cn,2

Ana MPL tor the entire train woul be

h < (1.6 x 16-7)(1 x 10)3 sec)(10 hz)

i.bxl - J/Clin

Step A. Average Power Limitation

MPL (avg.)(from Figure 10):

L = i x - 5 W/cni

or

h < (I x 16-b)(1000 sec)

H . i x 1U- ? J/coI2

Step L. Conclusion

Clearly, the limitation in Step i determines the NPE.

Ihus, the MPL per pulse is 1.6 x i - J/cmo.
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353 nl Radiation

Step 1. Indivioual Pulse Limitation

MPL/Pulse: H < (Figure 12 Correction)(labluated Value

in Table 5)

Tabulated Value: 0.56 t1/4 JCic
2

where t = L x 10-  sec, then t 1/4= 1. x i0 - 2 sec

Figure 12 Correction: .32

Then MPL/Pulse:

H < (0 .56)(1.2 x 1U-2)(.32) = ?.1b x 16- dJcn,1

Arid MPh for the entire train would be

H < (.lbxlO-3 )(ix1l 3  sec)(1 Hz) = L.lbxlbI J/cm
l

Step 2. Average Power Limitation

MPh (avg.) is not specified in Figure 10. However, lable

b gives an MPh for 10-3 to 3 x 104 seconds of 1 x 1 -

Wlcm , or

H < (I x U-3 )(1660. sec) = d/cm

Step 3. Conclusion

It appears that the limitation in Step 2 determines

the MPE. Working backwards to fino the required maximum H per pulse:

H < (I sec)= I x i0-4 J/cm' per pulse
-(FUUU ec)(1OHz
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Table 5-1 summarizes the MPE's for the triree laser wavelengths.

It also lists the energies per pulse as specifieu by the laser manufacturer.

Dividing these energies by the appropriate MPE's yields areas which are tne

minimum values over which the laser energy must be spread. From this we con-

clude that the 532 nm radiation is more than an orGer of magnitude less safe

than the total of the other radiations, which we can safely neglect as long as

we Go not decrease the 532 nin radiation.

Several factors must be considered in oraer to relate the above

area to the actual experiment. These" factors and their values are listed in

Table 5-2. The area, A, over which the laser energy must be spread should be

modified as follows:

A = (1.25 x i06)(.9) .86)(2) 1.9 x i06 cm 
2

The most important factor not yet considered is the effect of

atmospheric scintillation on the laser beam intensity. In its study,[ 5 1

beneral Llectric Space Division stated that scintillation effects might pro-

vioe hot spots on the ground up to ten times the normal energy density. How-

ever, the effects are far more complex than this. The next section is devoted

exclusively to a discussion of this problem.

5.4.3 Atmospheric Scintillations - Theoretical ano ex-

perimental studies of laser beam scintillations in the atmosphere have been

intensively researched for more than a decade, and because of their complexi-

ty, these scintillations are still not understood completely. Parts of the

following discussion are taken from several sources. L7jL_8j

Measured fluctuations in the intensity of laser beams propagating

through a turbulent atmosphere depend on meteorological conditions, optical

length of the beam path, diameter of the source and receiving apertures, time

constant of the receiver, measuring time (exposure), emitted wavelength, ana

budlii focusing.

The index of refraction, n, is the ratio of propagation

velocity in a vacuum to that in the medium, which in this case is the turbu-

lent atmosphere. Since at optical frequencies

n ; I + 1.9 x Il~5 P/1
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TABLE 5-1

SUMMARY OF MAXIMUM PERMISSIBLE EXPOSURES AND AREAS

Laser 2 2,
Wavelength (nm) MPE/pulse (Jcmnj Energy/pulse (J_) Area_ (cm

1064 8.0 x 10- 6 7.0 x 10- I  8.75 x 104

532 1.6 x 10- 7  2.0 x 10-  1.25 x 106

353 1.0 x 10- 4  3.0 x 10- 2  3.0 x 102

TABLE 5-2

SAFETY CORRECTION FACTORS FOR 532 nm RADIATION

Category Correction Fac-to

Atmospheric Transmission .9

Pointing Mirror Reflection .86

Limiting Aperture (7 mm) No correction required
(same aperture as in MPE criteria)

Gaussian beam peak 2

Multimode Inhomogeneities No correction required
(to be filtered out by manufacturer)
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where P is the atmospheric pressure in millibars and T is the temperature in
"K, then the index of refraction in a turbulent atmosphere is clearly not a

constant.

The refractive index variations along a path of propaga-

tion modulate the intensity in a multiplicative manner, such that if twice the

intensity is transmitted, twice the variation is observed. The variations

induced in each subrange of the path then combine multiplicatively to the ex-
tent that the effect of the atmosphere in each subrange is independent of the

initial degree of coherence. Hence, these refractive index variations moau-
late the logarithm of the intensity and the amplitude in an additive manner;

i.e., the observed variation of log-amplitude is the sum of many random per-
turbations induced at various places along the path of propagation. As a con-

sequence of the central-limit theorem, the variations of log-amplitude should

follow a normal distribution. This result is referred to as the normal distri-

bution of log-amplitude, or equivalently, as the log-normal distribution of

amplitude and intensity.

The quantitative measure of fluctuations in the intensity,

H, of a beam is usually represented by the quantity

0L nh - T , - )

or 2

and the standard deviation of the measured signal, referred to its average

value,

n

lhe experimentally measured quantities are

Ii

N 1'

2 H _ H2

K
H
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22When the flIuctuations i n i ntensit) , H, fol low a Ilog-nornial di stri buti on, 2 kI
and 2 are related by the expression

- ln(1 + o .

Measurements have been made of the scintillation of a 632 'A He-Ne

laser beam after propagating over an 8-km path near the ground.L8 1 1he

measurements were made with collection apertures ranging from 1 inni to I ['n in

diameter. The probability distribution of the scintillation was found to be

log-normal for all collector diameters.

The phase fluctuations Produced by turbulence cause vari-

ous portions of the beam to travel in different directions. Thus, a very

narrow, well collimated laser beam can be expected to spread as a result of

turbulence. The irregularities near the transmitter are most effective in

spreading the beam, contrary to the case of irradiance fluctuations, where

irregularities near the middle of the path are most important. Typical beam

widths may increase along a 5 km path by over 100 lr from a transmitter locat-

ed at the ground during the heat of the day. Since in our case, the laser

transmitter is located in the upper atmosphere, the beam irregularities near

it will be essentially non-existant, so that the beam width increase will be

negligible.

5.4.4 Calculation of Beam Divergence Requirements - In

section 5.4.2, we calculated that the ground area, A, over which the 532 nin

laser energy must be spread is 1.9 x 106 cm2. Let us take as an example the

case where the balloon payload is at an altitude, Z, of 30 km and we have de-

signed the laser beam output divergence, e, to be 2 mr. Then the area on the

ground would be

A = (Z tan e/2)2 = 2.8 x 107 cm2

The ratio of these two areas is inversely proportional to

the ratio. of the safe intensity, or irradiance, H safe to the average of the

actual irradiance, Have• Thus,

Hsafe A actual - 2.8 x 107 14

ave safe 1.94 x 10
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Of the many experimental cases measured by Fried et al,LbJ

the closest to our case of someone viewing the laser beam with a dark-adaptec

eye having a J mm diameter pupil is the measurement with a 9 mm diameter col-

lector. We have replotted the log-normal probability distribution of the in-

tensities (Figure 3 in Reference 5) for this case in Figure 5.1. The average

intensity, Have, for this case is 1.7 so that Hsafe would be

Hsate = 14 Hav e = 24.5

From Figure 5.1 we see that the fraction of pulses above

the safe level would be about 5 x 10- 3 . If we double the laser beam diver-
gence to 4 mr, the area would increase by a factor of four. Then the ratio of

intensities would increase to 98 and the fraction decreases to about 1 x 10-4 .

Similarly for 6 mr divergence, the area factor is 9, the intensity ratio is

?U, and the fraction is about 7 x 106.

A recent study by Shipley and BrowellL 9] was made which

consisted of a review of optical scintillation literature and unpublished re-
sults in an effort to characterize the effects of eye safety for space shuttle

and airborne lidars. This study included recent experimental results of laser
propagation downward to the earth's surface from high altitude U2 air-
craft.Llb Such an experiment is much nearer to the conditions of the balloon-
borne lidar than those of Fried et al.Lb] The study concluded that sufficient

information on atmospheric turbulence and scintillation theory verification is
presently available to predict the effects on optical scintillation during

downward laser radiation propagation from high altitude platforms, and the

study proceeds to make several quartitative predictions. For the case of a

shuttleborne lidar, the mean Hufnagel modelL 11] for atmospheric refractive
index turbulence predicts a probability <10 for surface spot intensitites

over a / nMn pupil diameter with i>5, where i=H/H ave . The "worst case" three
standdrd (leviation Hufnagel model for strong refractive index turbulence gives

probabi lities <10 -3 and <10-6 for surface spot intensities over a 7 nmm pupil

diameter with i>5 and i>15, respectively.

If we chose these probabilities, and since we have shown

that Hsafe/Have 14=i, then even in the "worst case", the probability of a

pulse resulting in an intensity above the safe level is about 10-6
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5..D Sunmary - We nave aeterninea that for range eye
safety, the principal oanger is fron the pulsea b3 nn radiation and that by

comparison, the danger from radiation of the other two wavelengths is unimpor-

tant. We have also shown that because of the log-normal distribution of the

beani irraoiance due to atmospheric turbulence-inaucea scintillations, it is
not possible to eliniate entirely the possibility of laser pulses above the

maximum permissible exposure level. This possibility exists with the two
other raoiating wavelengths as well, but with a much lower probability.

A reasonable standard to use as part of our range safety
criteria is that the probability of a single laser pulse auring the entire

mission being above the safe level be less than one. First, let us state that

the laser will not be operated in the downwaro-looking niode unless the payload

is over the range and at an altitude of at least 30 km. If we consider that

the lidar system is over the range for a maximum of three hours, the total

number of laser pulses is

(16 pulses/sec)(3bUU sec/hr)(3 hr) = 1.06 x 1b pulses.

Then the probability for a pulse during the mission caus-

ing an intensity level at ground level above the safe eye limit (MPE) is given

by

Probability = (1.06 x 10b pulses)( lO-6 per pulse) - i x lb 1

which is within our safety standard. If, in addition, we were to include the

probability of an individual located in the range who might be looking up at

Lhe precise time of such a pulse, then the overall probability becomes vanish-
ingly small.
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b.U PAYLUAb STRUCTUkAL ULSIkIN

The payload is a lightweight, weloeu aluniiriun truss structure. Ihe

basic design goal is to obtain an unobstructed view for the Iloar and the Ik

cloud monitor. Figure b.1 is a sketch of the payloadi indicating locations for

the equipment. The basic philosophy was to design a structure that is strong,

lightweight, and easily repairable after ground impact at landing. lhe design

also permits the instrunentation to be easily removed.

The payload is suspended through four eyebolts and four steel cables,

each capable of reacting to possible ten "g" shock load during the recovery

sequence. The cables are attached to a ball bearing swivel which partially

isolates the payload from balloon rotational motions.

The gonoola is a bird cage type structure with supporting menibers

arranged as a cube inside which all instruments are located. The cube is pro-

tecteo by roll bars which are interconnected to form an impact resistant

franie. Crush pads of paper honeycomb are utilized on various parts of the

structure to minimize structural damage ouring lanOing. The crush pads are

designed such that the "g" loads at impact become progressively larger as the
honeycomb is crushed.

because the laser is designeo to operate only at near horizontal posi-

tion, the elevation angle pointing of the lidar transmitter and receiver is

achieved by an intermediate pointing system. This pointing systenm is describ-

eo in Section 9.b.

6.1 Structural Requirements

To insure the success of the experiment, the following require-

ments must be met by the payload design:

I. The structure should be built to provide a rigid support

to insure alignment of the optical components.

2. lhe distance from the laser optical axis to the receiver
optical axis should be at least one meter.

3. The line of sight should be unobstructed in the nadir
direction, in the horizontal direction, ano 3 0 from' the
zenith direction looking back through the gondola.

4. The alignment of the three pointing mirrors should be
maintained within seconds of arc on the grouna and at
float altitude.
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5. The electronic components operating at high voltage shouIo
be enclosed in pressurized containers capable of maintain-
ing a I atrm pressure differenLial.

U. The structure should protect the instruments for a pos-
sible launch acceleration ot up to 2 g's.

I. The payload should withstand an acceleration on pdrachutc
deployment of up to lu g's in any axis.

b. ihe payload should survive ground impact up to ib g's,
any axis) with minor structural oamage to the roll bars
only.

6.L Payload Configuration

The configuration of this payload structure is a cube with three

decks as shown in Figure 6.L. The middle deck is the one which supports all

the optical instrumentation including the transmitter (laser), cloud monitor,

receiver, and pointing mirror system.

The bottom deck supports the laser power supply, the cooling sys-

tem, and the housekeeping and telemetry. The ballast, balloon control, and

batteries are also located there.

At the middle of each cube side, a vertical nember is joined to

the top deck where four eyebolts arc mounted. Four cables stretch from the

eyebolts to the swivel joint where one cable connects the payload to the para-

chute and the balloon.

On each side of the cube, the diagonals are designed to be de-

mountable to allow for removal of the instruments. They are fixeo in position

by pins and bolts. This arrangement allows them to be considered as integral

parts of the cube consitituting the structural frame.

6.2 Weight Considerations

Table 1- lists the estimated weights of the various payload

components.
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TABLE 6-1

LIDAR BALLOON EXPERIMENT

WEIGHT ESTIMATES

Component Weight Lbs.-

1. LASER 40

2. LASER CONTAINER 25

3. POWER SUPPLY 75

~4. POWER SUPPLY CONTAINER 35

5. RECEIVER BAFFLE AND MIRRORS 20

6. RECEIVER CONTAINER AND DETECTORS 32

7. POINTING SYSTEM (MOTOR & GEARS, BEARINGS, ENCODER) 35

8. FRAME STRUCTURE 400

9. BATTERIES 500

10. COOLING SYSTEM AND RADIATORS 85

11. CRYOGENICS L~q

12. ELECTRONICS 40

13. CLOUD DETECTOR 30

14. TELEMETRY 32

15. HARDWARE 25

16. EYE BOLTS 12

TOTAL 1'435
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1.U TkAhS>11Ek bLSIN

).1 Laser

The balloonborne liaar experiment requires a Nd:YAG laser which

is frequency tripled to provide coaxial outputs at 1064 nm, b32 nm, ano 363

nim. An industry survey was done and a possible laser selected. The selection

criteria were the following:

i. The system must be capable of being powered by 2b vac.

2. The system must be ot a light weight, rugged design with a
configuration capable of being packaged for balloonborne
operation.

i. The unit should be capable of being modified, as required,

for this specific application.

A laser system meeting these criteria, and used to develop this

oesign, was a variation of the ILS-104 system. An optical layout of the laser

is shown in Figure T.. The detailed specifications are given in Section /. .

lhe laser uses an oscillator and two amplifiers to obtain the

specified power levels. ihe oscillator (and amplifier) rods are powerea by a

xenon tlashlanip. Atter a preset delay, typically ±3b psec, the Pockels cell

Q-switch is triggered. A ib nsec wide pulse or 1064 nvi radiation is dumped

from the oscillator through amplifiers i and 2 resulting in a 7U m pulse of

1664 nm radiation. lo generate the 353 nm radiation, a frequency tripler is

required. lhe 1064 rim output from the tlashlamp-punpea, Q-switched Nd:YAG

laser enters a secono harmonic generation (Shb) crystal which outputs ortho-

yorially polarized Ib4 nm and b3? nn radiation. A quartz rotator plate brings

thcse two wdvelengths back into the same plane before they enter a third har-

monic generation (THU) crystal. lhe 1116 crystal mixes the 1064 nm second har-

ionric to produce the desired 353 nm thiro hariionic. All three wavelengths are

present in the coaxial output bean.

In order to achieve maxinun efficiency of the tripler, the Shd

ano 1HU must be tunieo (i.e. peaked) in both angle and temperature. For the

bdlloonborne lluar system, the SHl ano THU crystals will be maintained at con-

stant temperature by ovens. Two-axis angle tuning of these crystals will be

uonc by using iiotor orven 1iilcrometers. These will be controllea from a pay-

load controller dno, during flight, through the uplink conmtano system.
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It is required that the radiant output power be monitoreo at both

wavelengths. Ihe monitor system is shown in the schematic of Figure 7. . A

beam sampler, consisting of an uncoated quartz plate, deflects approximately 5

percent of the raoiated power to a quartz diffuser. The purpose of this scre-

en is to scramble (integrate) the beam for sensing by the two silicon PIN

dioade etectors. ihe PIN diode outputs are amplified and formatted for tele-

metry transmission.

/. Iransmitter System

The laser firing will be controlled in flight by a set of indepen-

dent tuctions:

I. Laser firing will be enabled only when an uplinkeG laser fire
command is being received.

Z. A baroswitch will disable laser firing below a preset alti-
tude. The altitude setting will be determined by range/eye
safety parameters.

A clock timer will automatically disable laser firing after a
preset time-from-launch has elapsed.

4. An uplink command will arm/safe the laser high voltage power
supply.

b. lo prevent laser firing when the pointing mirror is not
aligned with the nadir or the local horizontal, interlocks
are provided.

ihe laser safety interlocks are summarized in Table 7-i. lhe

transmitter data requirements are summarized in lable 7-i, ano the conimano

requirements are in lable 7-3.

The lioar laser transmitter aria power supply will be enclosed in

d pressure chamber that will maintain the system at a pressure of I atm

throughout the flight.

58



LL)

0 -J

U, LU0 J LW
V) LU-

01 LU

=3 LU

L.U Lu
CLw

LUJ

LLJ

LLU

C~

LOU

- 59



TABLE 7-1

TRANSMITTER SAFETY INTERLOCKS

In-Flight Operation

s BAROSWITCH

s POINTING MIRROR IN SET POSITION

s COMMANDS

1) POWER ON (LATCHED)

2) LASER ARM (LATCHED)

3) FIRE (CONTINUOUS TRANSMISSION REQUIRED)

e COOLANT TEMPERATURE

Ground Operation

* KEY SWITCH POWER ON

* KEY SWITCH LASER ARM

* VISUAL INDICATION OF LASER STATUS

* AUDIBLE ALARM PRIOR TO LASER FIRING
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TABLE 7-2

TRANSMITTER DATA

Sampl i ng

T/M Link Resolution Frequency
Number (Bits) _Izj

353 nm Radiant Power Monitor 1 8 10

532 nm Radiant Power Monitor 1 8 10

1064 nm Radiant Power Monitor 1 8 10

Synchronization 2 1 10

Laser Chamber Press Monitor 2 10 1

Power Supply Chamber Press Monitor 2 10 1

28 Vdc Reference 2 10 1

SHG X Reference 2 1 5

SHG Y Reference 2 1 5

THG X Reference 2 1 5

THG Y Reference 2 1 5
SHG Temperature 2 10 1

THG Temperature 2 10 1

Laser ON 2 1 1

Laser OFF 2 1 1

Laser ARM 2 1 1

Laser SAFE 2 1 1

Laser FIRE 2 1 10

Timer Status 2 1 1

Baroswitch 2 1 1

Interlock Override 2 1 1
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TABLE 7-3

TRANSMITTER COMMANDS

LASER POWER ON

LASER POWER OFF

LASER ARM

LASER SAFE

LASER FIRE CONTINUOUS 10 PPS

LASER FIRE SINGLE SHOT

XTAL ANGLE CW

XTAL ANGLE CCW

SHG X

SHG Y

THG X

THG Y

INTERLOCK OVERRIDE

TIMER RESET

TOTAL COMMANDS 14
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J. Laser Specification for a Typical Nd:YAG Laser Chosen for Develop-

ment of the Lioar System Design

Laser Model: ILS I14-10 with DC Power Supply

lype: NJ:YA6

butput Wavelengths: Ib64 nm b.2 nm bi nm

Minimum Output Energy: 700 nmJ 1b0 md 36 11J

Exit beam Divergence: Q_ mr <1 mr <1 mr (beams are
triaxially
al igned)

Amplituae Stability:
(Pulse to Pulse) (3% <b% (10%

Repetition kate: 10 pps

Pulse Width: lb nsec

Pulse jitter
(Sync to Pulse) <b nsec

Exit beam Diameter: 6.35 m

heaa Size: 8.19" x 12.75" x 40.bi"

Head Weight: 4U lbs.

Coolant: 30% beionizea Water - 70% Glycol

Coolant Flow: O.b gal/min typ. + .2b gal/min

Coolant Pressure: 12 psig riax.

Maximum Coolant
Temperature at Outlet bbuC

Minimun Coolant
Temperature at Inlet b5C

SHG Crystal: CD*A

THG Crystal : kUP

lhe THU ana SHG crystals are to be mounted in 20 watt ovens to eliminate spec-

tral oritt oue to temperature tuning ot the crystals during operation. lwo-

axis dngle tuning micrometer adjustment mounts will be provioed for SbH and



lhu crystdls. Micrometer type wi be Aruel Kinanatic U.b inch Notor Mikes
and k.otor Mike Controller to be provided by contractor.

operating lemperature Range: b L + "L at full rated radiant output at all
wavelengths without adjustment. 16"L to bbL
with minor optical realignment.

Attitude: Laser wii1 be capable ot ratea operation with
the laser head oriented horizontally + Zbj',
degrees.

Altitude: Sea Level to 10,000 ft.

Relative humidity: U to 90,

Mechanical Shock: System shall witristano a g, 7b msec half sine
shock in any axis without degradation in per-
formance. System shall withstand a 16g, /6
msec half sine shock in any axis without
damage.

Power Supply
input Voltage: 8 VDL + 4 VDL

Input Lurrent: 40 amps average
bbi amps peak

lhe master power supply will have a IlL com-
patible synchronization pulse input to permit
external control of laser firing. INC connec-

tor is preferred.

Size: Master - 11" high x 21" wide x 13" oeep

Slave - 11" high x i" wide x 13" deep

Weilght: Master - 40 lbs.
Slave - .b lbs.

Unit is to include three flashlamp simmer power
supplies.

Power Supply
Operating leperture: 0JU to JtiUL

Power Supply
kdted Ltficiency: bb0. minimum

Accessories kequired

, S5-IDUD Sitii er Power Supplies

I LIOUU Shot Lounter
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1 C1682 Cooling Supply
A liquid coolant-to-air heat exchanger system will be suppl ieo. Tthe
system will be capable of a issipating the thermal load of the ldSCr
system during continuous laboratory operation. This unit will not Le
part of the flight configuration.
Size: 9" x 14" x 20"
Weight: 20 lbs.

I SHG Crystal (CD*A) w/oven

1 THG (kDP) Crystal w/oven

1 Line Converter
C1012
This unit, with an input of 115V 6b Hz 10 amps average and an output
of ZU VDC power, is requirea to operate the laser system continuously
in the laboratory. This unit will not be part of the flight configu-
ration. The converter will consist of two (2) units each:
Size: 9" x 14" x 20"

Weight: 70 lbs.

Modification Required

I. Laser modifications are required in order to provide up to a maximum
of 1 additional tapped holes in the laser optical bench. Hole
locations will be defined when order is placed.

2. Two sets of interconnecting cables are to be delivered with the
system. One set is to be useo when the laser is operated in the
laboratory. The second set will be used when the laser system is in
the flight configuration. Maximum length of each set will be four (4)
meters.

3. System User Manual is to be delivered three weeks ARO. Complete engi-
neering Grawings, to commericial standards, are to be delivered with
system.

4. Notificdtion is to be given prior to final testing so that a user,
representative can be present during the final test.

Laser Mucificit.on to be D)one by Contractor after Delivery
of Laser and Acceptance Testing

1. Modify safety interlocks for flight operation.
L. Remove laser head cover.
3. Ad temperature sensors to optical bench and coolant lines.
4. Ano three wavelengths energy/pulse monitors to optical bench.
b. Aod diverging lens to optical bench.
6. AGO high voltdgC monitors to power supply.
I. Acd terperature monitors to power supply.

Install cori;arw anIl( -tunino rrechanism.
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b.U kLCL.VLk bLSIGN

b.1 -,eceiver Layout

The lidar receiver layout is showrn in Figure b.1. Principal as-

seniblies ot the receiver are the tollowing:

a) C dssegrailn telescope assembly

D) beanspl Itter-tii ter issenbly

c) Ibb+ nrii detector assembly ana cryogen supply

u) bI nim detector assembly

lhe telescope assembly, including the field stop is on a vertical-

ly adjustable mount. All field of view alignments can therefore be maoe in

this one assembly. A tlexible, light-tight coupling connects the telescope

ano beamsplitter-tilter assemblies. When this ccupling is removed, the receiv-
er fielo-ot-view can be observed during tocising anu pointing adjustments by
inserting an occular lens cno 45u folding mirror assembly tocuseo on the field

stop.

lhe bedisplitter-tilter assembly is hard-mounted to the 10b4 nn,

detector assembly. The first relay lens is mounted ahead of the beamsplitter.

It focuses the tleiu stop straight through the beamsplitter onto the 3b3 nm

detector and also retloctea at 9U0 through the beamsplitter onto the secona

relay lens mounted in the 1004 nm detector housing. The second relay lens

focuses the image of the first relay lens onto the small photocathode in the

ibb4 rim, etector.

6.# keceiver Uptical Systm

lhe rcceiver optics, shown in Figure b., consists principally ot

a Idrge aperture collector, a beamsplitter to separate the )b nn, and I064 nni
wavelerngths, dn(o a pair of narrow bdnd interference filters to eliminate the

out-ot-bano backgrcuna radiation. lhe lidar receiver, optical specifications

dre listeci in lable 5-i.

The collector optics consists of a bO cr. dianeter F/1.0 concave

pardboloi'al primdry mirror and a ib cm diameter convex hyperboloiaal secon-
(Idry. he telescope collecting drea is 1b/t cm • lhe tact that the spatial

resolution requireu here is modest and the field of view is small, indicates
that the aberrdtlons ot the collector optics will not be a problem. lhe mod-

est spdtil resolution requirement also allows the use of a lightweight,
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' TABLE 8-1

LIDAR RECEIVER OPTICAL SPECIFICATIONS

Field of View 3 mr

Telescope

Type Cassegrain
f/no. 5.n
Primary Mirror

Material Aluminum
Diameter 50.4 cm
Coating Aluminum + SiO

Secondary Mirror
Material Aluminum
Diameter 10.1 cm
Coating Aluminum + SiO

Effective Collecting Area 1875 cm2

Effective Focal Length 241.3 cm
Reflection

@ 353 nm .79
@ 1064 nm .83

Relay Lenses

Material Fused Silica, AR-coated
Lens Number 1

Type Biconvex
Focal Length 6.68 cm
Diameter 3 cm
f/no. 2.1

Lens Number 2
Type Plano-convex
Focal Length 3.82 cm
Diameter 2.5 cm
f/no. 1.5

Beamspli tter

Material Fused Silica, AR-coated
Transmission

@ 353 nm >.90
@ 1064 nm <.05

Reflection
@ 353 nm >.05
@ 1064 nm <.90

Interference Filters

Clear Aperture 4.5 cm
Bandpass

353 nm 309
1064 nm 1OX

Transmission
353 nm .2
1064 nm .35
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ribbea structure tor the priiiary, which wil be mochineu fronm aluninumi. Ih

paraboloidal optical surface wil be generatec on a numericaIly-controlIeo4

lathe, and then polishea with diamono machining. Lecuuse of its smail slzef,

the weight of the secondary mirror will be negligible regardless of its con-

struction. it would be fabricated in a manner slimlar to the primary. Ine

secondary will be positioned in the syster, 6s',ng a vaneo spider support

structure.

lhe choice of coatings for the receiver optics is rather lii;itec

because of the wavelengths of the laser lines. bola can be ruled out because

although it can be maue to be very durable dno is an excellent reflector at

ib4i nm, its reflectivit at 3b3 nm is less than U.4. Lxcept for silver ano

aluminum, most other metals have relatively low reflectivities. Multi-

layer dielectric coatings are not suitabie because, in addition to nanufactur-

ing uitticulties ano angular effects, their maximum retectivity is limited to

banuwiaths of about 2bb nm. ketlectivities for protected silver ano Sib-over-

coated aluminum are shown in ligure 6.3.

bur choice for the mirror coatings is aluminum for the following

reasons:

i. ketlectivity for the aluminum is nearly constant with wave-

length while that of silver is dropping sharply below 3bb nin.
if the silver coating shoulo degrade at all, this edge might

shift anu orastically affect the retlectivity.

2. lhe protected silver coating meets only the humidity provis-

ions of NIL M-i3bUbc while the aluminum - SL oating meets
or exceeds all requirements of MIL M-13ibL. T lhis coin-

ciaes with our experience.

As shown in l-igure b.c, the beam from the secondary mirror passes

through the fielo stop ano first relay lens and strikes the beamsplitter. A

beaIsplitter is useo as part of the receiver optics to separate the backscat-

ter raoiation into its two spectral components at 3b ano 1064 nm. it is of

the single plate type, set at 4b' to the incoming radiation, ano designed to

reflect the 1004 nn signal ano transmit the 355 nm signal. lhe plate will be

majoe of tuseu silica ani its rear, surface will be antireflection-coated for

3t), nm. Such beamspl itters are conriercially available. It should be noteo

thdt beCdUSe the beadisplittter is at an angle to the incoming radiation, its

retlectivity can vary depending upon the polarization of the incident radia-

t on. Slnce the tr'ansmtter laser emits a pulse which is polarized, the kay-

ileigh backscatterd signdl will Le polariZeo dS well. However, if properly
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Figure 8.3 Receiver Mirror Coatings
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Ot-Signeu, the beailsp I itter wi i re-, itct Ibetter than 9u/. of the iL~b4 nim raniia-
tion innepeniert. of its po iarIzation, anu at the same time, transmit better
than 96'/ ot the ' rii radiation. LiUitable Gata curves to be supplieni by the

IldrlUtdCturer ,Nill verity this speciticatidfl.
Ihe cnouseri wi uch oi the passharics of tth - riarrowbano filters are

a coliipruliist between a vvctri narrow eroughi to rciect, out-o-i-banc backgrooflo
raulation anG onle WIUC efiuyh to guardfte(e triat temiperature orifts wil1 never
vary the filter transissicris measurably at the wavelengths of the backscat-
teredl signals. In( wavelengths of the output ot the hu ann 7HUj crystals in
the transmitter Vary with temperature. however, these crystals are tempera-
toreL stabi I izeo withi heaters. Ihe inter-terence tilters in the receiver hcve
passbano drift coefficients of ub(AW per t, which is 6. bA at 523 nni anG

i 4 i per %~ at i~ju im. lherefore, the interference filters will be tenipera-
tore stabilizen, by miounting them in temperature-controlled ovens.

lable 6. list', the niali~eters and maiximium beami sizes for each of
the comiponents of the receiver optis. S he field stop aperture, by ciefini-
tior, Geteriiines the angyular fielo of view anc; it should be noted that tnt:
I1idXiIluml beam size for eachi component in the optical path beyona the fielo stop
is less than the correspondling clear aperture. hence, there is no vignetting
of the beari anci no resulting loss of signal.

Ihe perIor ii.rice of the telescope optical design of the receiver
has been verifien using d ray tracing program, kAYTkAL, oevelopeo at Visioyne.
Inis is a versaci It programi which can ray trace optical systemis consisting of
Swine variety of conventional ann unconventional optical components.

c'. beector 5Lc If 1 cdt __i

Ihe sensor -fr the 10otimn radiadtion w-ill be a Varian VPM-io)4A
photoiiukltiplier- which has ji inuiun gal lioni arsenide phosphioe photocathone.
IhIS Ifateriai e'Xh'ibits, a quanton efticiency of approximiately I percent at iub4
I&I. A diharacteri 51.ic Ut the VPM-i6qM is that it must be iiai ntai nen at temperak-
t- ure s lowcr thant -eti'c exce.pt for, trte shiort perionis of time requirc-o for
a ssem1bly. Lxtemlk-n perus (At hi gher teiiperature will result in cathooe niegra-

(I(101. hW, jLke ()(inr(- ,ystui, al ul of operating for, extenneo perious
Wads desi gnleo. 1hi,, sys',ci, uses a Prococts for kesearch inc. lL-Iuuls)kF cool -

1 rigj chGiiber dri(l teilperit'dtr tultrolI er. Ince system is shown schfena t ica 1 Iy i n
i u h.+ 1(lectre cYi I nuer or dry N~, provinies ib psi g 1. through a reqo-
I a or, to force the LIN trol; tnte (ewar, to tlie cooi ig chme. Atmeaue
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TABLE 8-2

RECEIVER OPTICS DIMENSIONS AND BEAM SIZE

Component Diameter (in) Maximum Beam Size (in)

Primary Mirror 20 20

Secondary Mirror 5 4

Field Stop Aperture 0.285 0.285

First Relay Lens 1.250 1.074

Beamsplitter 1.500 (@ 450) 0.985

Filter 1.250 0.926

Second Relay Lens 1.000 0.865

PMT Window (1064 n) U.625 0.550

PMT Photocathode (1064 nm) 0.200 0.177
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sensor in the cooling chamber controls a solenoiG valve which controls the LN2

flow into the chamber. A return line vents the gaseous N2 into the atmo-

sphere. The specified LN2 usage rate of the chamber is 0.75 liters/hour.

Thus, the system hold time, including piping losses, will be greater than 16

hours. For extended periods of operation, an LS-166 will be connecteo to the

cooling chamber. Holo times in excess of seven days are specified for this

moGe of operation. For shipment of the payloao froii AFGL tc the launch site,

an LS-1bb of LNz, connected on the cooling system, will be shipped with the

payload. During the post flight payload recovery operation, the detector

chaniber will be removed from the payload ano connected to an LS-160 and ship-

peo back to the launch site.

A small electrically powered food freezer will be used to store

the photomultiplier for extendeo periods when it is not in use.

Since the photomultiplier requires high bias voltages, it is re-

quired that the coolin chamber be enclosed in an outer pressure vessel so

that the detector is maintained at standard pressure throughout the flight.

lhe sensor for the 353 nm radiation is an EMR photomultiplier

b4i-N-14 having a bi-alkali photocathode. This sensor will not require cool-

ing because the dark counts for this tube are typically 1.6 x 1U counts/sec.

;.4 Receiver bata Processing

The return signal from a range cell can be as high as 104 counts

per 66/ nsec, or 1.b x 10I1 counts/sec; thus it is not practical to pulse

count. ihe output current will be measured using an R-C integrator as shown

in Figure b.5. The voltage across capacitor C will be proportional to the

charge.

C x G

where e electron cha ge (1.6 x I0-19c)

6 = PNI Gain (10 ) 3
V = Volts/count (10 -

C = iO0 pf
ihis voltage will decay with the time constant, RC. By setting

kL = 6u/ nsec, which corresponds to the width of a range cell, and sampling

the capdcitor voltage once each range cell, an accurate representation of the

backscatter signal is obtained.
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The voltage across c: I:citor C is fed through three high frequen-

cy amplifiers chains having gains of -2b, -1, and -0.6b. This provides full

scale output voltages of 5.12 volts for 256 counts, 5120 counts, and 102,400

counts respectively. These analog signals are fed into J-FLT switches which

are cascaded to provioe 150 dB on-off isolation. The appropriate armplifler

chain is selected by uplinkeo conmiands which select gain switching programs to

be run on a microprocessor (8746).

The selecteo analog signal is sent to tU& input of a LeCroy MoGel

25?OAS CAMACL 1 5 ] waveforn, digitizer.

A crystal oscillator generates the 1.5 MHz sampling clock. The

waveform digitizer is set up in the pretrigger mode and the digitizer is con-

tinuously sampling and storing the data. When the q-switch trigger is receiv-

ed from the laser, the miemory is loaded with 1024 0 -bit data words of which

128 are those sampleo prior to the Q-switch trigger (and laser firing) and

thus will be useo for a i,,easurenent of background. When the digitizer memory

is full, a signal is sent to the CAMAL controller modulc.

A block oiagrap of the digital data handling system is shown in

Figure b.6. A microprocessor controls the reao-out of data, via the CAAC

buss, from each of two digitizers. 520 (of 104 woros it, memory; b-bit cdta

words representing 125 background samples and 400 backscatter range bins are

read-out of each digitizer. In dddition, two data words representing dc off-

set and panel switch positions are read out with the data. The data from the

digitizer is reau into a first-in, first-out (FIFO) memory which acts as a

buffer between the digitizer system and the pcm encoder.

The PCM encooer reads the data from the FIFO, encodes it with the

specified synchronization patterns, formats it into a major frame structure,

and converts it into an NkZ-L 10U k bit/sec serial bit stream.LOi' The NRZ-L

data is convu,-teu into B0-L before being inputted into the transmitter. The

bS-L serial data out of the ground receiver can be direct recorded on a wide-

band instrumentation recorder running at 15 ips.

System timing is simplified by the following:

I. The use of pre-trigger mode in data digitization.

. The use of a FIFO in isolating data read-out timing fromi
Ihe PCM encoder timing.
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lhe major timing functions are the following:

i. 100 kHz PCM Clock and 9.7Y Hz Laser Firing Clock

2. 1.5 MHz Data Sampling Clock.

The laser Q-switch trigger is used as a laser tire cursor pulse

because there is a 126 to 140 psec time delay between tht tiring synchn0flld-

tion pulse input to the laser and the laser firing, whereas with the Q -switch

trigger, the delay is ibb nsec.

The packaging of the receiver electronics with the e;.ception (t

the detectcrs, preamplifiers, ano high voltage power supplies, will be LAtAc

moaules or in an auxiliary card rack chasis. Ihe detectors and their ecc-

trorics will be located in their respective pressure housings.

To prevent excessive photocathode current in the photomulti-

pliers, it will be requireo to range-gate each photoniultiplier. The range

gating will gate the photomultiplier off during the tii,e the ground back-

scatter is received. Range gating will be required only when the lidar is

pointed downward. The gating will be done by connecting a high voltage NOS Ll

to dynoce of the photomultiplier. Ihe application ot a logic pulse (b

volts) to the gate will clamp dynode 2 (ano dynooe I) to grouno in 2CC, nsec,

with zero volts between the cathode, dynode 1, and oynode 2. With the dynooe

I and 2 extraction voltages gated off, the cathode photocurrent will be cutoff

by the cathode space charge.

The location of the range gate will be controlled through the

uplink connianO system. The PNIT will be shut off for a period ot bb sec cor-

responding to the range gate. A 1b Hz clock will increurent the range gate, in

or out as selected by command, with respect to the laser synchroni7ation

pulse.

Receiver data are listed in Table b-) and the PCM oata Luuget is

sun marizea in Table 6-4. Comnmands and power requirewents are in Tables :-b

and b-6.
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TABLE 8-3

RECEIVER DATA

Sampling

T/M Link Resolution Frequency
Number (Bits) (Hz)

353 nm Gain Status 1 2 10

1064 nm Gain Status 1 2 10

353 nm PCM Data 1 (See Table 8-4)

1064 nm PCM Data 1

353 nm Detector H/V Monitor 2 10 1

1064 nm Detector H/V Monitor 2 10 1

353 nm Detector Temperature Monitor 2 10 1

1064 nm Detector Temperature Monitor 2 10 1

1064 nin Detector Press Monitor 2 10 1

353 nm Filter Temperature Monitor 2 10 1

1064 nm Filter Temperature Monitor 2 10 1

353 nm Range Gate Location 1 10 10

1064 nm Range Gate Location 1 10 10

353 nm Range Gate Enable 1 1 10

1064 nm Range Gate Enable 1 1 10
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TABLE 8-4

PCM DATA BANDWIDTH SUMMARY

All Detectors
Total

- jkpp s)

Signal/Detector 2 Detectors

8 Bits/Sample x 400 Range Bins x 10 pps

= 32 kbps/Detector 
64.00

Background/Detector

8 Bits/Sample x 128 Range Bins x 10 pps 
20.48

= 10.24 kbps/Detector

Digitizer Switch Position

8 Bits/Sample x I Sample/Frame x 10 pps 
.16

Digitizer dc Offset

8 Bits/Sample x I Sample/Frame x 10 pps 
.16

Range Gate Position

10 Bits/Sample x 1 Sample/Frame x 10 pps 
.20

Synchronization 10.00

Unassigned 5.00

100.00 kbps
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TABLE 8-5

RECEIVER COMMANDS

353 nm GPROGO

353 nm GPROGI

353 nm GPROG2

353 nm GPROG3

1064 nm GPROGO

1064 nrn GPROG1

1064 nm GPROG2

1064 nm GPRGG3

DETECTOR TEST

353 nrn RANGE GATE ENABLE

1064 nm RANGE GATE ENABLE

353 nai RANGE GATE ADJ

1064 nm RANGE GATE ADJ

RANGE GATE IN/OUT

RANGE GATE CLEAR

TOTAL COMMANDS 15

TABLE 8-6

RECEIVER POWER

2"j Vdc 6 AMP CONTINUOUS
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!I
.I PUINING NIkkbuk SYSILM

The pointing nirror systeii, shown in Figure .1, is coIiposd of a

laser mirror, a cloua monitor mirror, ano a receiver mirror all connected rig-

idly to a conmiandable motor driven shaft.

The shaft is supported at only two points, one at the gear box bearing

and the other at a self aligning ball bearing adjacent to the receiver mirror.

beyond this bearing, the shaft supports the cloud monitor ano laser iirrors as

a cantilever beam. The cantilever has been designeo to minimize the detlec- I
tions of the pointing mirrors. This is accomplished by using the weight of

the receiver mirror to counterbalance the deflection of the cantilever bCdIII.

The pointing mirrors will be co-aligneo, on the ground at ambient tern

perature, at a position 45' from the vertical nadir (lidar viewing down). 'he

only other attitude which need be considered for alignment errors is that bbi '

from the vertical zenith (lidar viewing 30 ' from zenith). by using a design

which compensates for thermal variations of the components, the only errors we

have to consider are the tolerance in the bearing's backlash which generates a

maximum movement at the laser pointing mirror of Ib9 lin, and the movement oue

to the difference in deflection due to variable stiffness of the pointing re-

ceiver mirror at 4b' and bk , which is 41 pin. lhe Imaximui total movement is

therefore i±b pin. Since the distance between the pointing receiver mirror ano

the pointing laser nirror is i9.bi inches, the angular variation between the

two is = .b radians.

The reflecteo ray is oeflecteu twice as much or -6 jradians, which is

negligible compared to the 3 milliradian angular field of view of the hioar

optical system.

lhe pointing system shaft is centered on the receiver mirror axis, but

offset from the laser and cloud monitor axes as shown in Figure 9. . In the

horizontol viewing mode, the laser ario cloud monitor Mirrors are out of tile

field of view. The obscuration of the receiver pointing mirror when in the
horizontal mode is approximately 10%. This is less than the reflection losses

of the mirrors when the pointing system is used in the zenith and nadir moues.

Ihe mirror coatings are the same as used on the receiver telescope (See Sec-

tion b.L).

Positioning of the mirrors will be controlled and indicateu by cams

ano switches. The shaft is driven by an ac motor with a gear head. The shaft

bearings must operate over the requireo temperature range ouwn to -bUt).

Table 9-i lists the purchase parts of the pointing miirror system.
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TABLE 9- 1

POINTING SYSTEM PURCHASE PARTS

Item Qty Description Manufacturer Comments

1 1 AC. Motor 400 Hz TRW Globe
-83A108-

2 1 Bevel Gear Drive Hub City Test for -65°F Operation
Page 147 PT353-78
AD 3

3 1 Potentiometer Burns
Model 3465 2" dia.

4 4 Switches
1 SX T2 Terminal Microswitch

5 2 Clamps
3 1/2 Dia. 9/16 S/S Ideal Corporation

Brooklyn, NY

6 1 Self Aligning Ball SKF To be checked for cold
Bearing 2305 operation.

7 1 Pillow Block SKF

8 1 Bellows S/S 4.OD. Standard Thomson

9 1 Bellows Neoprene Latex Products
LDF-5-263-4-4 Hawthorne, NJ
Catalog page 30
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TABLE 9- 1

POINTING SYSTEM PURCHASE PARTS

Item Qty Description Manufacturer Comments

1 1 AC. Motor 400 Hz TRW Globe
-83A108-

2 1 Bevel Gear Drive Hub City Test for -65°F Operation
Page 147 PT353-78
AD 3

3 1 Potentiometer Burns
Model 3465 2" dia.

4 4 Switches
1 SX T2 Terminal Microswitch

5 2 Clamps
3 1/2 Dia. 9/16 S/S Ideal Corporation

Brooklyn, NY

6 1 Self Aligning Ball SKF To be checked for cold
Bearing 2305 operation.

7 1 Pillow Block SKF

8 1 Bellows S/S 4.OD. Standard Thomson

9 1 Bellows Neoprene Latex Products
LDF-5-2u3-4-4 Hawthorne, NJ
Catalog page 30
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A block diagram of thE motor drive pointing mirror electronics is

shown in Figure 9.. An t-bit microprocessor is used to define ano control

the motor drive logic. A laser fire inhibit is gencrated whenever the point-

ing mirror is not in the commanded position. The pointing nmirror data is in
Table -, the comands in Table 9-, and the power requirements in Table 9-4.
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10.0 CLOUD MONITOR

When the lioar system is to be used in the ndir-looking mouc of opera-

tion, it is desirable to determine in advance the type of cloud cover itr the

field of view. We have specified a monitor to operate in the 10-13 V;l region

of the infrared, where the clear atmosphere is essentially transparent. Spec-

ifications of the cloud monitor are given in Table 10-1.

Thick clouds are good blackbodies and their emission is, of course,

dependent on their temperature. Figure 10.1 shows the spectral radiances froll,

a downward-looking satellite system.L 15 ]- Also shown are blackbody spectral

radiance curves for several temperatures. It we assume the clouds are optical-

ly thick and at the approximate temperature of the ambient at the given alti-

tude, LI Q6 then their spectral radiance at 10 pn; would be as shown in Figure

10.2.

The cloud monitor has its own mirror in the pointing mirror system

(See Section 9.0). It is coated with the same protected aluminum as the other

mirrors. The pointing mirror system design limits the use of the cloud moni-

tor to the nadir-looking mode only, which is the only mode of interest.

The cloud temperature will be determined from the detector signal cor-

responding to the temperature difference between the clouds in the field of

view and the chopper. The chopper temperature will be monitored with a temper-

ature sensor. This temperature will be passively maintained at approximately

300'K by appropriate thermal packaging. The 90 Hz chopped signal from the de-

tector amplifier will be synchronously demodulated, filtered, and sent to
tel emetry.

The clouG monitor data, command, and power requirements are given in

Table 10-2.
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TABLE i0-1
CLOUb MON1OR SPECIFICATIONS

FIELb OF VIEW 4 r

{DETECT(jk

Type 
hgCdle (PV)

Operating Temperature /7vK
Active Area 0.2 mm diameter

ma (A I fmax >1 x 10

FILTEk
Type 

Multilayer Interference
Passband 

16-13 Pn
1ransmission 

60% (ave.)

LEN
Materi a I Germanium, A-R coated
Clear Aperture 2.5 Cni diameter
F/no. F/2.0

CkYOGLNICS
Cryogen 

Liquio Nitrogen
Dewar-Hola 7ime 12 hours

CHOPPING
Frequency 

90 Hz
Chopper Temperture -31OOK
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TABLE 10-2

CLOUD MONITOR REQUIREMENTS

SampI i ng
T/M Link Resolution Frequency

Nuinh.er (Bi ts)__ (Hz)

DATA

Radiometer Data 2 10 1

Chopper Temperature Monitor 2 10 1

COMMAND

None Required

POWER

28 Vdc 1 Amp.
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Ii.L IhLKNAL LLINlkbL SYSILM

I.1 i ntroouction
ihe laser, and its power supplies generate approximately iObO

watts ot heat during operation. Ihis heat must be eliiiiinateo fron, the payload
systeii. ]hre miIOSt efficient methoo to remove the waste heat is by radiation to
space. lhe design ot tre thermai controi system is complicated slightly by
the laser requirements for use of d oe-ionlize cooling fluid.

The selecteo laser for the liaar payload comes equipped with a
cooling system which must be integrateo by means of d heat exchanger into a
secondary cooling system. Ihis second system then carries the unwanted heat
from the laser cooling system to the raoiator which radiates the heat to space.

Figure 11.1 shows a schematic of the proposed system.

ii. iooling Syste, Parameters

The purpose of this section is to oefine the parameters for the
iiodr cooling system. These parameters are as follows:

I. system operating temperatures

Z. coolant flow rate

. types of heat exchanger

4. coolanL flow line sizes

t. radiator area.

Ine laser system must be maintained within certain temperature
I lmits. ihe mdxiiiiUm allowable temperature is bb% k9buF). ihe ninimum allow-
able temperature is b, (41olF). the total heat generated by the laser system
is IUb watts. As the laser itself must use de-ionized water with glycol to
prevent freezing, d heat exchdnger is required between the laser and the radia-
tor. lhis is to transfer heat from the de-ionized water/glycol system of the
ilser to the water/glycol mixture of the radiator. The heat exchanger sche-

Iutic is shown in Figure II.L.
h heat Lxchanqer Parameters - The first item of interest

is to oetermine ioedlly the coolant temperature differences required to remove
Ibbb Watts ( 41,, b)U/jr) otr hot. We have selected d coolant flow rate ot
(yil/min in boLh the hot dn(o cold Sides of the heat exchanger which corresponds

Lo j tlow r'dte of b6b Ibsi/lhr. (hen the heat exchanger temperature difter-
uices ,ari be: calculated trom the following:
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q = C6t q = Ai'2 blUlhr
W = bb I bwlhr

q 412
At - = 9 F W = b b b/hr

W LP (b3b)(.9)

(I 0./U BlU/Ibm'I

The laser maximum and minumum allowable temperatures are tli = 9boF an

= 410F.

In oroer to allow as much margin as possible, the hot side temperature differ-

ence of 9'F will be centered between these two temperature extremes such that

t HI = / PF and th = buiF. lhe heat transfer in the heat exhanyer is governed

by the hot side heat transfer coefficient (hh) and the cold side heat transfer

coefficient khc).

For turbulent water flow in straight pipes, the heat trans-

fer coefficient, h, can be aefined by the following:1
71

bO0.8
h 0.008 Li + M.ilt iU.

where t = temperature ('F),
6 = mass velocity (lbm/hr ft

and b = tube diameter (ft).

lhe coolant flow area, A', of the tubing having a .b" outside diameter ano a

.04" wall is 9.6 x 10- 4 ft then the mass velocities are

6c  = Wc/A' = bb Ibm/hr ftZ

GH  = Wh/A' = b560j Ibm/hr ft

anro the heat transfer coefticlent is:

bTU

hr fteuF

h = Y94 - TU-2 -
hr ft2uF



lhe overall heat transter coefticient,U, in bib/hr ft' F

is detineu by the following expression:Libi

I + xl1 +Z+ -/ lih + + I--

U h 'c
where x = lube wall thickness (in.)

K = Ihermal conductivity of tube wall = ib (bib/hr ftk0 F/ft).

bubstitutiny the previously aetermireo values yields an overall heat transfer

uT 4ti blo/hr ft L F.

In oroer to calculate the length ot a single pass counterflow heat exchanger,

the tollowing equation will be used: L bj

] LN Atol 1 -

U At q

where A = exchanger wall surface area,

At O t - t = /L-4: 32'F

and Ato = t tc = 3-3 =31F

5olviny the ecujt Ion tor A ano substituting gives an area, A, equal to 2bbU.

in 2 . hen the length, i, ot the heat exchanger tubing is simply

k. rA/e ./ in.

in oruer to shortern possibly the above single pass counterflow heat exchanger

length, a two pass heat exchanger was aIso examined. Ihe length of a double

pdSs heat exchan(jef wds oetermi ned to be li.b inches.

li.Z.? kidlator Area and besiyn - When the average temperature
of the radiator is jl/ (J"L), it will reject heat at about ib watts/ft (b9
LIUlftj. ]he radiation area requirea is then 3412/b9 = T ft . lhe radiator

temperdture usui her( is baseo upon experimental measurements of a radiator

panel on d balloon p)ayloaO IhANN) at float altituue.
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A radiator system which includes three radiating panels,

each measuring ib ft2 has been aesigned. lhey will be wounted on three verti-
cal sides of the payload structure excluding the fourth side where the mirror I
pointing system is mounted. Losses due to the roll bars being in the radiat-
ing field ot view will be more than mde up by the additional radiation from
the difference between the actual total plate area of 4b ft ano the required
area of 3b tt

kadiation into space of the heat generated by electronic

ecuipnent and telemetry transmitters has been used on another bal loonborne
payload oesigneu by Visiayne.LiK This radiator was constructed using a spe-
cial technique for bonoing the aluminum radiating panels to the coolant tuL-
ing. This technique is described in the following paragraphs.

The radiating plate of .Ib" thick aluminum received the
heat input through an array of rectangular tubing I" x 1I/" outside imen-
sions. The tubing was held in place against the aluminum plate by means of
mechanical brackets spaced evenly along the plate. The plates were connected
to a ,inifolo on the input side which in turn connected to a pumping system of
two pumps in parallel. On the output side, each tube was welded to a round

piece of tubing able to accept a 1/2" quick-disconnect fitting which connecteo
each loop to the appropriate electronic instrument to be cooled.

In order to enhance heat transfer between the rectangular
tubing and the radiating panel, a conductive epoxy (Allied kesin Lorporation

AkLUN T bib A epoxy tooling material) was used. The epoxy was poureG between
the tubing ano the plate in a way that the gap between the two was tilled with
the first pass. ]he second pass formed a fillet on one side and a third pass
formed a fillet on the other side, thus affording the best heat path between
the tubes and the plate.

lhe radiation of the panels will be enhanced by d coat of
special Nextel Velvet Coating manufactured by becorating Products bivision of
,A Company. lhis paint has an absorptivity of the sun's rays of O.Z ana an
emissivity at the radiator temperature of 0.bb.

The laser chamber dnd the laser power supply chambers will
be fitted with external fiberglass insulation to minimize the heat flow
through the chdmber' waIls.

101



] h e laser system must be capable ot continuous operation
ooth in-tlight and on the ground. Jo prevent overieating ouring ground opera-
tion, an duxilliary liquid air hedt exchanger will be mounted in the laser

chamber. buring ground operation, cooling water will be circulateo through the
duxifliary heat exchanger to remove the excess heat from inside the laser

c h(Almber.

lhe thermal control data are in Table 11-i, the cornmnanos

in lable li- , and power in lable 1i-I. The system operational interlocks are

summarized in Table 11-4.

I0?W



TABLE 11-1

THERMAL CONTROL DATA

Samipl in
T/M Link Resolution Frequency

Number (Bi ts ) (Hz)
Temperature 

- (

Primary Coolant Reservoir 2 10 LI
Secondary Coolant Reservoir 2 10 0.1
Radiator 1 2 10 (.I
Radiator 2 2 10 (.I
Radiator 3 2 10 0.1
Laser Optical Bench 2 10 0.1
Laser Optical Bench 2 10 0.1
Laser Power Supply 2 10 0.1
Liquid-Liquid Heat Exchanger 2 10 0.1

Secondary Coolant Pump ON 2 1

Power Supply Heat Exchanger Fan ON 2 1 1

Primary Coolant Heater ON 2 1 1

Optical Bench Heater ON 2 1

Secondary Coolant Flow 2 2 1
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TABLE 11-2

THERMAL CONTROL COMMANDS

Secondary Coolant Pump ON

Secondary Coolant Pump OFF

Secondary Coolant Pump AUTO

Total Commands 3

TABLE 11-3

THERMAL CONTROL POWER

Primary Coolant Pump Included in Laser Power Budget

Secondary Coolant Pump 2 amps

Primary Coolant Reservoir Heater 1 amp

Laser Optical Bench Heater 2 amps

Heat Exchanger Fan 1 amp

Clecronics I amp

NOTE: Heaters and secondary coolant pump
will not normally be operated
simultaneously.
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TABLE 11-4

THERMAL CONTROL SYSTEM OPERATIONAL INJLRLOCKS

Temperature of Primary Coolants Laser Shuts Down
Greater than 35°C

Temperature of Primary Coolants Secondary Coolant Pump Shuts Off
Less than 100C Primary Coolant Heater lurned On
(Secondary pump is auto-mode)

Power Supply Heat Sink Temperature Liquid to Air Heat Exchanger Fan
Less than 100C is Shut Off

Laser Optical Bench Less than 200C Optical Bench Strip Heater is
Turned On
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1e.L PthYLnL LLL(. Ik UNILS

It. I Power

Ihe prince power source ot the paylUdO will be Ag-Ln batteries.

lhu pd)ludo wi!l be capable of being easily setup to be povwereo by laboratory
power supplies for gruuri testiny.

!ie pay luu battery requirenients are suiimarizeu in Table I-1.

ihe paylodd telemetry will consist of two independent links ot

1uS GJaLa. Link i will carry the primary scientific oata while Line will
carry the engineuring diagnostic an monitoring data. A sunmlary of the pay-

loau telemetry requirements is in fable -

lhe experiment desiyn has been baseo on the assumption that all

coinicuos wil Ie in the toni of contact closures at command distribution. All
Luilddric functions are electro-optically isolated within the experiment. A

suliJihary of the pay luau comlIlarl requirements is given in Table 12-3.

iL4 Interface

Itie irlitid requirements for payload cabling ano interconnections

hovw been establishea.

ne bal loonborrie Iiodr payIoau will use a simple compass as a

heauing reference. lhe coII'pass Will be the Mooel il Marine heading Sensor
IhdOL by bigiCourse, Inc., in New Urleans, Louisiana. lhis sensor is aii opto-

electronically readu magnetic compass that transmits heading information via a
I Ve-connuctor cable to d Mooel bu inter dce Unit.

lhe internal gimballing accotimodates plus or minus /0 aegrees in
pItch dn( roII. Itle 1)onaciC crnltdirs compensation magnets mounteu at each
(rno of two plated brass rous that run (t 90 degrees to each other across the
binrac Ic nedr the buttoii. ShIould deviation influences in the guiaance package

I too gredt to be lully correcteu by the standdrd magnets, all four magnets
(dni bi rpI c. by a set of stronger iagnets supplied by the manufacturer.
ldbl( 1 -4 giVeS deta1 leo specifications for the coIiipdss.
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TABLE 12-1

PAYLOAD BATTERY REQUIREMENTS

Battery _AjL-_H rs. Sy stem

A 80
B 80B Laser
C 8
D 80
E Tel emetry
F 80 Lidar Receiver
G 80 Thermal Control
H Housekeeping

TABLE 12-2

TELEMETRY

Link Number Function Data Rate

1 Scientific 100 kbps

2 Engineering

TABLE 12-3

COMMAND SUMMARY

System Number of Commands

Laser 14

Receiver 15

Thermal Control 3

Cloud Monitor 0

Pointing Mirror 4

Unassigned

Total Commands 45
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TABLE 12-4

SPECIFICATIONS FOR THE MODEL 261A MARINE HEADING SENSOR

Diameter of Spherical Housing
including flanges 6.5 inches

Height, including Binnacle 7.0 incnes

Weight, including Binnacle 4.5 lbs.

Shock Capable of meeting MIL-S-901C

Vibration Capable of meeting MIL-STD-167B

Movement Two spring-backed sapphire bearings,
osmium-tipped pivots

Gimballing +70° roll and pitch

Resolution 10

Electronics Description Infrared LED illuminated phototransistors
through Gray coded card. Custom CMOS inte-
grated circuits converts optically coded
signal to serial pulse train.

Power Consumption Range: 2.5 mW to 50 mW (proportional to
sampling rate)

Voltage Requirements Range: 4.5 Vdc to 5.5 Vdc

Output Format Serial pulse train, N+1 pulses

Output Signal Frequency Range: Selectable 0.5 kHz to 50 kHz
standard 25 kHz

Data Sampling Rate Range: Selectable 0.5 Hz to 50 Hz
standard 25 Hz

Connections Input voltage, data output, and ground

Femperature Limitations Operating -400C to 700C
Storage -550 C to 850C

Circuit Protection Reverse polarity, over-voltage

Housing Waterproof, U/V stabilized Lexan
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ihe Mooe1 ZbU interfaces the heaciriy serisor output to telLnietry.

This unit accepts "he serial pul se train froi the headinq sensor dnU, (,OIIVi tS

it to one of several sc-lectdblt: outputs, ds shown in the spcclitcdtLow-) yiveri

in lable 1 -b.
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TABLE 12-5

SPECIFICATIONS FOR THE MODEL 250 HEADING SENSOR INTERFACE UNIT

Electronics Description Solid state electronics converts heading
sensor data to selected output format
through use of CMOS circuitry.

Selectable Outputs Static parallel binary (9 bit)
Static parallel BCD (10 bit)
Serial binary
Serial BCD
True or complement parallel binary or BCD

Output Selection Selection made by external jumper or switch

Output Digital, buffered with CMOS type 4050 buffer,
analog, zero to 3.59 Vdc

Voltage Requirements 7 Vdc to 20 Vdc

Current 6 milliamps (constant)

Housing Dimensions 7.5" x 4.7" x 2.0"
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ii.U URUUNL SJPPUkl EQUIPMENT

The lidar payload has been designed to permit tull operation in a

stanu-alone mode. Laser operation is monitored and control lea at the Laser

Lontrol Panel on the payload. kEceiver analog signals can be monitored at BNC

connectors on each receiver chamber. Receiver digitized data can be monitored

at he connectors on the front panel of the digitizer. Since the PIM encoded

data is in a standaro Ikib format, range telemetry systems will be used to

decode this data.

The in-flight data readout ano display system will require a computer

system capable of graphics and hard-copy printout. A recommended system is

shown in Figure 13.1. This system would have the capability to display the

density data, in near real-time in the formats shown in Section 5.U. The soft-

ware requirements of this system are listed in Table l-i.

IAbLL 13-1

RELQUIRLb SUIWARL

kT-li OPERAIING SYSIE

FURkAN IV

PLUI 16

LIbAk CLL MULIFILb TO INPUT PLM bAIA

A listing ot ground support equipment required for launch field sup-

port is in Table 13-a. It should be noted that a clean room facility will be

required at the payload building area for tinal laser alignment, assembly, and

testing.
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IAbLL li-e

GRUUND SUPPURI L UIPMLN[

battery Charging Power Supplies arn Cables

LG&G b~l Laser Radiometer

Auto Collimator

biffusing Screen

2 Meter Optical bench

2-7b mm Corner Cube Reflector

£-One Kilometer Spool Fiber Uptic Communication Cdble

i Theodolite

2 Sets Neutrd] Density Filters

12 Sets Laser Lye Satety Glasses

b LS-Ibb LN

i Small Freezer for VPM-164 Storage

I Telephone Dialer Alarm

Clean Rooi, Naterials as Required

i ILS Cooling System

I ILS Line Converter
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14 .U ILW PI i

tie to IIuwi rig sections describe various test techni ques which vyi I Ibe

usea to cal1ibrate anm checkout the 1, oar systemi.

1't.1 Laser Calibration

A i aboratory Lest pladii tor the laser is outlinied in Table 14-1.

-lhe absolute calibrations of tike laser will be done using a stano-
dru uetector having a radioltieter cidlibratiofl traceable to N.b.S. Art LU&G

ModelI bl i Laser kaoiieter W1IlI be used. ihe calibration will consist of
cotiparirig the absolute output of the laser in joules at each wavelength to the

Output Voltage froni the laser radidnt power monitor detector.
lite .Th.) ano jutq nui comiponents of the laser output will be sepa-

rdtQ(I by dichroic beamsplitters of the samie type as used in the receiver

optics. ilhe retlecteu iot,4 nm radiation woulo be inicidient on one detector anci

the transmiitted b noi on another. Studies to deteriine the effects of bean
polarization will be iiade by rotating the beamsplitters in trhe laser bean, and

relocating trie detectors accoroingly.

beawi howtoeneity can be measured at various poi .nts along the

laser beanl axis by using blue line biazo paper or IN-sensitive photographic

ti rii aGto i rinq the laser. Itiese proviuie a permanent recoro of beani honio-

gene-ity. The homogeneity should be determined for each Of the wavelengths of
inte-rest ano ais a tunct ion of the number of pulses f ired in the sequence.

Measuremiernt of beani homogeneity in the fdr fielo, where it enters the receiver

tield-of-view, is somewhat of a probleni. The laser beam (oivergence of ? 11r)

ano the receiver fielo-ot-view first become coincioent at a range of about tb
mete-rs, anu they are 859 coincident at a range of about i000 meters. An ex-

peniment set-up hdving a rayige of b meters would not be difficult to attain.
At that rangie, the beaul 01iiueter' is still only about Wb cni. With a diftuse
t~est target ano iiultitirings of the laser, timte exposure (length of exposure
to be oetermuirieo experfiienta Ily) photographs should provide all the intornia-

tion r-cquirecl. As the ranige increases to longer and longer paths, inhomogene-

]ites in the atmospher-e will havCe an 1 oCreaSI rigl ettect over the beanm uniftorm-

ItY anto SLCoes of this effect should be reviewec (Ret. Section t).4. .).

Dic (Ii vergrce( of the beam~i Ior- each wavelength, will be deter-

mined by using sui table filters arid scanning the beam with a detector.
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TABLE 14-1

TEST PLAN FOR LIDAR LABORATORY CALIBRATION

LASER

o ABSOLUTE RADIANCE PER PULSE AS A FUNCTION Of RADJIANT

POWER MONITOR AT THREE WAVELENGTHS

a BEAM HOMOGENEITY

v BEAM DIVERGENCE AT THREE WAVELENGTHS

o PULSE AMPLITUDE STABILITY

o PULSE WIDTH

* PULSE TIME JITTER

& LASER TEMPERATURE STABILITY

TABLE 14--2

TEST PLAN LABORATORY LIDAR CALIBRATION

RECEIVER

o OPTICAL ALIGNMENT

* FIELD OF VIEW

LIDAR

o RECEIVER ABSOLUTE CALIBRATION

* RECEIVER TIMING CALIBRATION

OPTICAL DELAY LINE
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lests wi I be pertoriiiei to contirii, tiat the radiating wavelengths A

ot the laser art- within the passbanus of the receiver interference filters.
Io oo this, the luser will be fired into the oetector-beamsplitter set-up

uescribeu above ano filters with passbands identical to those in the receiver
inserted one at a tine ibetween the laser output ano the beansplitter. The

uetector readings with tnt filters in the beam path would then be compared to

the appropriate reautnys taken when the laser was firea without the filter in

the bean, path. If the difference in the readings is consistent with the peak
transmission values, then it Lan be concluoed that the laser is radiating at

the proper wavelengths.

i.L Lioar Calibration

ihe test plan for the lidar calibration is summarized in lable
14-t. ihe tield-of-view ot the receiver will be rapped by using a test photo-
muliplier in place of one of the flight photoMultipliers in the receiver, by
using a iOCuulateu, collimated point source and securing the receiver section
on an X-Y axes mount, the response of receiver as a function of its pointing

angles can be measured anu the results plotted.

lhe absolute calibration of the receiver will be done using the
calibrateu I air laser as a test source. A transmitting prism with a slight
wedge will be placea in the laser beam to deflect the beam axis of the laser

to imiake it coincident with the dXis of the receiver at some convenient dis-
tance (trnsnmission of the prism to be measured at the wavelengths of inter-

est). A near Ioeal diffusing surface, made of Eastman White Reflectance
Palnt, will be positioned in, ana noriial to, the laser beam path at this ais-

tance. When the laser is tired, the photon flux will be incident on a screen

which acts aS d Lambertian surfdce.

becdusu this bdckscattered flux is n~ary orders of magnitude great-

ur thdn that predicted to be observed during the flight, it will be necessary
to ittenui., the ruceiveu photon flux. Stacks of N.b. .U filters will be

iuuhite In tront of the receiver photonultiplier tubes for this calibration.

When the laser' is tired, both the laser power monitor signals ano

the two detector data signals are recorded. Ilhe receiver sensitivity cons-
Laht, K, is the tol lowing:
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P A ±
K ,photons/count) -- U V

IT £ Cdi

where P = number ot photons rdd ate in Lhe wtvlength 1 ines of interest

by the laser durng d single pulse as deLermiriec frum the Ius-

er power monitor uata.

AC  = receiver telescope col lecting dred

Xcal = distance troh detocusing screen to pylaOd

= neutral density tilter attenuation fdctor

Vcal = measured data counts

The receiver sensitivity constant, K, is then used to convert

data counts to corresponding intensity values thruugih tie above equation.

An advantage of this calibrdtion technique is thot it can t;as1ly

be repeatea in the fielo during payload testing. lhus, complete experiment

operational capability can be tully dejiunstratec at the latest possible tire

prior to launch. Another advantagE of this calibration technique is that it

includes ano compensates for- any timing, spectraii, or optical geometry effects

in the system.

In addition and in conjunction with throughput testing, the sys-

teni will be subjected to kFI and light leak testing. [or these tests, the

neutral density tilters are completely blocked ard the laser lire. lhe high

gain data signals are monitored on an oscilloscope for any detectdble signrils.

1.- Optical lig nment

lhe noninat1 alignment require:menit is that thU optical dXiS Of the

receiver be parallel to the laser beam in azimuth and in elevation to [.1 iii I-

liraoians or better. The o-.k nill radians is corsidered to be an appropriate

alignment tolerance because it is small compared to the required system reso ,u-

tior Ot tniIlliradldtrs but, on the other hand, it is large eriough to be reaci-

ly achievable in pactece.
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The tec hriiqu e t or rIeho ril(I 1y I I I I'! , it 1k (- I ki ct oft L Ile

1 i dar transnitter and t cci ver i s s hown i n ic .~t I tt t r(i rr, ii t t er t 1S

tasteneco to the optid Ic e(tC k by eilqhtjt bolIts Vjt I r Il i l:je i(t lorl poru 1 ;

to the optical diec k to l e i ipd trt tk I t o thte( tT i, Ur :i i- L tg t Sju, cmrews dt

t he four corners o. the I dSOr conrio i nriLr. I tit- i t( (t- I ve I dit to het rotat-d

about a horizontal axi s through thc f e lo ,top or the pt imor y li I t cr

A pin holds the receiver in Place uric a oi t screa lock S i t

whi ie two adjustinfl screvws chanige 1its p~osi tion in a oli rct 10 orthoyonal to

the optical dieck.

bhe procLUOre tor CO-l i 1griny tlie Idser, bediaridd the optical jx is

of the receiver, uses d the-((ol ite--, d pair, of pentapriSilis, ano a corner cube

retro-ref lector. lhis procedure, shown in 1- iyore 14. , consist,- ot the tol low-

ing steps:

I. its shown in the left half of F-i gure 14.~ thre t heodoIi te
,with protective filIter) is placec to intercept thre laser
beam. Ihe basec of the tleOoo ite is dCCUrdtel!y leveled using
d sensitive bubble level. Ihe telescope ot tihe theodolite is
then, adjusted in elevation unti I the laser beam is centeredi
on the reticle, as shown. ihe edltion adjustment of the
theodolite is then lockeo.

As OsShown in the right halt of this figure, the theodolite is
moveoi to the vicinity ot the axis ot the receiver, and the
ba se i s agadi n l evelIed . Iwo pentaprisms ano a cube corner
retro-retle(-ctor ore then positioned to relay the laser beam
into the thcociol ite, as shown. Ihe bean entering the thico-
aolite will1 be parallel, in the plane of the diagrnil, to the
beamn exiting the laser because of the constant 9bu deviation
property of the pentaprisis and the retro-retlecting property
of the cube corner. 1 lic pentapri smi on the ri ght is them
rotated about axis A-A until the laser beam is again centered
in elevation on the tlieoulolite reticle. Ihe beani entering
the theodol ite is now parallel to the beami exi tiny the laser
in the plane perpenitular to the* diagram, as well as in the
plane containing the oidgrdll.

i. he retro-Y et ; ector is now removed, arm the laser beam is
al lowec to enter' the re ceiver optics. Using the degree of
frecoi shown in IMyogre 14.1 , the systew is now adjusted
unt1,ilI the image oi t he laser beam formed by the receiver
optics is centered or' the tieloi stop. li1e laser and receiver
are now co-alignedj.
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i4.4 Liaar ystem lests

In order to check out the operation of the cIaddr system, tests

are needed in which the laser is fired, the laser radiation enters the receiv-
er optics after a suitable tini delay, and resulting signal trom the receiver

is processed and displayed.

Such tests would check, among other things, the relative timing

of the various systems, the wavelength compatability of the transmitter raoia-
tion with the receiver passbands, the relative signal levels, and the amount

of RF interference between the major sub-systems. Ideally, such tests should

also verity correct optical alignment between the receiver an transmitter.

lhree end-to-end system tests, two of which will verify the state of align-

ment, will be made.

In the first test technique, a long coil of low-loss optical

fiber will be used to transmit a small portion of the laser pulse from the

transmitted beam to the entrance aperture ot the receiver, with the length of

the coil determining the time delay. Loil lengths of one and two kilometers
will provide realistic delay times. With this technique, checks coulo be made

of laser operations, receiver, operations, relative signal levels, timing and
ranging, and wavelength compatability. However, the technique would not veri-

fy the state of alignnent.

In the second test technique to be studied, the atniopshere will

be used as a target by aiming the lidar upward into the night sky. lhis would
verify the operation of all systems except ranging. However, isolated oata

points to verify the ranging accuracy could be found by aiming the lidar into
an overcast sky, providing that the height to the bottom of the overcast could

be independently measured.

lhe thiro test will use a controlled horizontal range of at least

Skn, over which the laser can be firea. by locating two corner cube reflec-
tors at known ranges from the lidar, an absolute calibration of range will be

established.

14.5 Pre-flight lests

A number of the tests and calibration steps previously described

will be repeated in the field in preparation for launch. lhese include
measurement of the laser pulse energy with the calibrateu detector, measure-

ment ot the receiver sensitivity, and verification of proper alignment between! 121



the transmitter dria receiver. Also, one of the eno-to-end checks will be

repeatea to verity timing ano wavelength compatibility.
Immeoidtely betore launch, one of the ena-to-end checks will be

pertormea to verity proper operation ot the entire lidar system. The most

appropriate one is the test using the optical fiber delay line. A light-tight

cover containing the optical fiber coil will be fitted over the front of the

transmitter dnd receiver. The laser will then be firea and the various system

parameters monitored. lhis final test will be performed on the runway within

an hour of two of launch.

14.b Engineering Tests

The integration test plan is outlined in Figure 14.3. The envi-

ronmental test plan is in Table 14-3 and lidar thermovac test plan is outlined
in Table 14-4.
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U . SUNMAk Y

lhe purpose ot this report is to outline the design of a lidar experi-

mient for the measurement of atmospheric density from a balloon platform. This

dlesign includes not only the optical, electronic and mechanical design of the

balloonborne lidar but includes overall system ana experiment plans. An in-

aepth study was done of the in-flight eye safety problems to be encountered

and sdtfe operational criteria established.

This design is for a state-of-the-art balloonborne instrumentation

system in which the following technologies have been applied in order to

achieve the experimental goals:

1. Uptics

L. Electronics

Mechanical structures and pressure vessels

4. Heat transfer

b. Microprocessors

6. Cryogenics

The application ot these technologies in the fabrication, assembly,

test, calibration, and flight of this experiment will require expertise ano

craftsmanship in these fields. lhis design, although complete, will require

additional breadboard development of selected components and/or sub-systems

and practical haraware engineering will be required in the assembly ana test

phases of the experiments.

The implementation of this iuar experiment will result in a major

aovancement in the knowledge of the upper atmospheric density profile.
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